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CHAP XVII. 
Of Iron, 


RON, to which the alchemiſts gave the name of 
Mars, is an imperfect metal, of a livid white colour 
inclining to grey, and diſpoſed in ſmall facets. It is 
ſuſceptible of a very fine poliſh, and may be made 
very brilliant. It is ſo hard and elaſtic, as to be capable 
of deſtroying the aggregation of any other metal. 

Iron emits a ſmell, eſpecially when it is rubbed or 
heated. It has likewiſe a very ſtrong ſtiptic taſte, which 
acts powerfully on the animal ceconomy. 

Vor, III. A Iron 


A 


9 
— 
— 
— 
. 


— 


Rd 


» 
IIs : 70 
. 
a [1 — — 


2 


—— Sz 


r= - 


- — th... 


1 Of Iron. 


Iron is, next after tin, the lighteſt of all metallic ſub. 
ſtances. A cubic foot of forged iron weighs five hun. 
dred and eighty pounds, It may be hammered into 
plates; but being very hard, and liable to become 
much harder under the hammer, it cannot be beat into 
leaves. Its ductility, when drawn into wire, is much 
more conſiderable : it is drawn into very fine threads, 
which are uſed as ſtrings to harpſichord keys. This 
property appears to depend on its tenacity, Iron is in 


fact the moſt tenacious of all metals, next after gold, 


A thread of iron one tenth of an inch in diameter is 
ſufficient to ſupport, without breaking, the weight of 
four hundred and fifty pounds. 

Pure iron has a peculiar cryſtaline form. In furnaces 
in which iron has been ſlowly cooled, there are found 


quadrangular pyramids articulated and branched, and 
conſiſting of octohædrons inſerted one into another. We 


owe this obſervation to M. Grignon, maſter of the forges 
at Bayard in Champagne, Laftly, beſide all the pro- 
perties which iron poſſeſſes in common with other me- 
tallic ſubſtances, this metal exhibits three properties 
which are entirely peculiar to itſelf, One of theſe 1s 
magnetiſm, or the property of being liable to be attract- 
ed by the loadſtone, and of acquiring the virtues of the 
loadſtone, either when it has remained long in an eleva- 
ted ſituation ; or in a direction between north and ſouth ; 
or when it has been employed as a conductor to the 


electric fire of thunder, as is evinced by a variety of, 


facts; or when two pieces of iron are ſmartly rubbed 
one upon another. The fecond of the ffngular proper- 
ties of iron, is that of taking fire, and melting ſuddenly 


when ſtruck with a flint; a phænomenon to which the 
poets 
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poets unanimouſly aſcribe the firſt diſcovery of fire. The 
third property by which it is diſtinguiſhed, is that of 
being found with manganeſe in plants and animals; 
ſome of whoſe juices derive from it their colour: it is 
even probable that thoſe organic beings themſelyes form 
the metal; for plants growing in pure water contain iron, 
which may be obtained from their aſhes. 

Iron is a metal which abounds very much in nature; 
for, independently of what plants and animals contain, it 
is found an almoſt all coloured ſtones, in bitumens, and 
in moſt metallic ores. But here we are to treat only of 
ſuch mineral matters as contain a great deal of iron, and 
are wrought for the purpole of extracting the metal 
from them. In theſe ores, which are very numerous, 
iron exiſts either in a metallic ſtate, or in the ſtate of an 
oxide, or mineralized by different ſubſtances. 

1. Native iron is diſtinguiſhed by its colour and mal- 
leability. It 1s very rare, and is only found accidentally 
in iron ores, Margraf found it in a fibrous form at 
Eibenſtock in Saxony: Dr Pallas has diſcovered, in Si- 
beria, a maſs amounting to 1600 pounds; and M. Adan- 
ſon aſſerts, that it is common in Senegal. Some mine- 
ralogiſts think that thoſe ſpecimens of native iron are pro- 
ducts of art, and have been on different occaſions bu- 
ried under ground. 

2. Ores of black iron, taken in general, ſeem all to 
belong to an oxide of black iron, more or leſs pure. 

Black iron is diſtinguiſhable by its colour, by its pro- 
perty of being more or leſs ſuſceptible of attraction 
by the loadſtone, and by being altogether inſoluble in 
acids. This iron is ſometimes cryſtalized in the ſhape 
of polyhædrons, or round plates, and preſents different 

A 2 ſhades 
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ſhades of the moſt brilliant changing colours; ſuch 18 
that from the iſland of Elba. It there forms a conſider. 
able mountain, which is wrought above ground. The 
ore from Sweden is likewiſe a black iron, but not cry- 


- ſtallized ; it conſiſts of maſſes, more or leſs ſolid, mixed 


with quartz, ſpar, aſbeſtos, &c. It is frequently ſo hard, 
as to admit of a poliſh, and its ſurface appears like a mir- 
ror. Thus it, as well as the former, has obtained the name 
of ſpeculariron: it is found united in conſiderable quarries, 
This iron varies in the degree of its colour: ſome is per- 
fectly black, which is highly ſuſceptible of attraction by 
the loadſtone; ſome bluiſh, which is leſs ſo; and ſome grey, 
which poſſeſſes this property in a very ſmall degree. The 
iron of Norway is likewiſe a black iron ; but it is gene- 
rally in ſmall ſcales, like mica, often mixed with garnets 
and with ſhorls. Black iron is ſometimes found in 
grains. It is likewiſe cryſtallized in cubes ; which has 
made ſome naturaliſts give it the name of galena of iron, 
or eiſen. glanz. When micaceous iron ore is of a black 
colour, it is called eiſen-man ; eſpecially if the ſcales” be 
very large. When theſe fcales are red, and covered 
with duſt of the ſame colour, it gets the name of eiſen- 
ram. The ſptcies of iron ore in black octohædral cryſtals 
very regular and diſperſed in a kind of ſchiſtus, or hard 
ſteatite, which comes from Sweden, Corſica, &c. ſeems 
to belong to this claſs of iron ores. It is attracted by 
the loadſtone, and very brittle. The lamellated brilliant 
iron of Framont belongs alſo to this ſpecies. 

Though the ſeveral ſpecies of black iron ores, which 


I have joined together in this article, ſeem to bear an 


evident analogy with one another, ſeveral mineralogiſts 


have regarded them as very different, and have arranged 
2 them 


— 


them ſeparately. This variety of opinions originates 
from our not yet having ſufficient knowledge of their na- 
ture. It ſhould ſeem, that of theſe ores ſome approach 
nearer to the metallic ſtate, as the octohædral iron of 
Corſica and Sweden, which M. Monge compares to mar- 
tial ethiops. This ſpecies is ſtrongly attracted; others, 
on the contrary,. approach nearer to the ſtate of oxides, 
as the iron of the iſland of Elba, and particularly the 
ciſen-man, and eiſen-ram, which are not liable to be at- 
tracted by the loadſtone. The ores of the iſland of 
Elba appear to be only black oxides of iron produced 
from carbonate of iron reduced by means of fire. In 
this way M. Vauquelin has imitated them with great 
ſucceſs. To this account of black irons, I ſhall here 
ſubjoin ſome obſervations made by the Abbe Haiy, of 
the academy of ſciences. He diſtinguiſhes two primi- 
tive ſhapes of theſe irons, which, according to him, an- 
nounce two ferruginous ſubſtances of different natures. 

One is a regular octohædron. To this belongs the 
iron of Corſica. The cryſtals of this ſpecies are ſtrong- 
ly attracted by the magnetic bar. The ſpecular iron 
ore from the golden mountain, in octohædral ſegments, 
is a variety of this ſpecies. 

The other is the ſhape of a cube. To this laſt belongs 
particularly the iron ore of the iſland of Hlba, of which 
there are two principal varieties, namely, 1. iron in 
rhomboids, very obtuſe ; 2. iron with fix pentagons, and 
cighteen triangles. Theſe varieties are but feebly at- 
tracted by the magnetic bar. By filing, M. Haüy ob- 
tained from them a reddiſh unctuous powder, ſimilar to 
that of red micaceous iron, or the eiſen- ram of the 
Germans; 
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3. Iron is very often in the ſtate of ruſt, more or leſs 
oxidated. It then forms ochraceous- iron ofes. All 
earths coloured brown or red are of this kind. 

4. We muſt beware of confounding with ochres thoſe 
tron ores which are called hg ores. They do, indeed, 
contain oxidated iron; but that oxide is combined with 
carbonic acid, and with phoſphoric acid, which appears 
to have been produced by the decompoſition of vege- 
tables. Bog irons are diſtinguiſhed into rich and poor, 
fuſible and dry. The rich is only iron a little ruſted, and 
contains but a very ſmall proportion of earth. Fuſible 
iron melts very eafily, and affords caſt iron of a good 
quality; the metal being in it united only to ſome 
ſtones which eaſily melt. Dry iron is more calcined, 
and mixed with ſome very refractory ſubſtances. All 
bog iron, in general, is uſually arranged in layers, like 
ſtones, and appears evidently to have been depoſited by 
water. It is often in the form of pebbles, or flat irregu- 
lar ſpherical bodies. Organic matters, ſuch as wood, 
leaves, barks, ſhells, are not unfrequently met with in 
the ſtate of bog iron. This kind of tranſmutation ſeems 
to ſuggeſt the idea, that there is ſome analogy between 
iron and organic bodies. A portion of phoſphate of 
iron, contained in theſe, which abound more than any 
other iron ores, communicates to this metal the proper- 
ty of being brittle when cold. Bergman, who was ac- 
quainted with iron in this ſtate, but did not determine 
its nature, called this phoſphate of iron fiderites ; ſome 
German chemiſts have ſince called it water iron. We 
will afterwards explain how this ſalt may be ſeparated 
from iron that is brittle when cold. 

5. The eagle ſtone, or &ites, is a variety of bog iron. 


Eagle 
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Eagle ſtones are bodies of various forms, commonly 
oval or polygonous, conſiſting of concentric layers, diſ- 
poſed around a nucleus, which is often moveable in the 
centre of the ſtone, The drying and contraction of 
theſe layers has formed a cavity in the middle, in which 
ſome fragments of various ſizes float at liberty. This 
ſtone has received its name from an opinion, that eagles 
put it into their neſts, and that it helps them to lay their 
eggs more eaſily, and promotes the effects of incubation. 
It has been hence inferred, that this ſtone would act 
powerfully on the foetus in the mother's womb. Some 
authors go ſo far as to aſſert, that the pains of a lying. in 
woman may be brought ſooner on by binding an eagle 
ſtone to her thigh, and kept back by binding it to her arm. 

6. The hematites is a kind of bog iron, which appears 
to be formed in the ſame manner as ſtalactites. It de- 
rives its name from its colour, which is commonly red 
like blood, though ſubjeQ to varieties. The hæmatites 
uſually conſiſts of layers covering one another, and com- 
poſed of convergent needles. The ſuperficies of this ore 
is covered over with tubercles. Hamatites are diverſi- 
fied, not only by colour, but by form too. There is, for 
inſtance, the needled hæmatites, the hæmatites in 
bunches of grapes, or hematites botrytis, &c. Theſe ores 
are pretty often found with muddy iron ; and are depo- 
ſited on a great many different bodies. 

7. The /oad/tone is nothing elſe but an ochraceous iron 
ore, very hard and very refractory; which, however, 
ſome perſons think not very remote from the metallic 
ſtate. It is known by its property of attracting filings 
of ſteel. It is found in Auvergne, and in Biſcay in Spain, - 
It is diſtinguiſhed by the diverſities of its colour into ſe- 


veral varieties. 


8. 


8 | Of Iron. 


8. Emery, ſmyris, is a grey or reddiſh iron ore, conſi- 
dered by a number of mineralogiſts as a kind of hæma- 
tites. It is very hard and refraQtory : great plenty of it 
is found in the iſles of Jerſey and Guernſey. It is ground 
in mills into a powder, and uſed in this form for poliſh- 
ing glaſs and metals; | 

9: Sparry iron is an oxide of iron in combination with 
carbonic acid, and tranſported by water. It is uſually of 
a white colour; but there are ſpecimens of this ore ſtained 
with almoſt every different colour, grey, yellow, red. 
It is always in plates of various ſizes, and ſemi-tranſpa- 


rent like ſpar, It is of conſiderable gravity, and is often 


regularly cryſtallized : it is found in conſiderable quar- 
ries, often mixed with pyrites, as for inſtance at Alle- 
vard in Dauphiny ; ſometimes 1t 1s mixed with grey fil- 
ver ore, as the iron of Baigorry; and ſometimes with 
manganeſe, as that of Styria. Some chemiſts think it 
to be a ſpar in which the metallic oxide has been depoſit- 
ed. Sparry iron is decompoſed by itſelf in cloſe veſſels ; 
and it then yields carbonic acid. What remains is a 
brilliant black iron, ſubject, in a high degree, to the at- 
traction of the loadſtone, and which may be eaſily melted 
by the action of a ſtrong fire: The manganeſe which it 
frequently contains, renders it liable to be altered by 
the action of air, and makes it take a brown colour, as 
it loſes its form and conſiſtency. 

10. Nature likewiſe preſents us with iron in a ſaline 


ſtate, combined with the ſulphuric acid, and forming ſul- 


phate of iron, or green copperas; Ihis ſalt is found in 
the galleries of iron mines, eſpecially in ſuch as contain 
Pyrites. It is ſometimes found in green cryſtals, or in 
the form of beautiſul ſtalactites: on other occaſions, 

* again 
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again, it is not ſo pure, but appears to have ſuffered ſome 
alteration. If it has loſt only the water of its cryſtalli- 
zation, it is of a white or a greyiſh colour: it is then call- 
ed ſori. When ſomewhat more thoroughly calcined, it 
is yellow, and is called miſſy. If the calcination has been 
carried ſo far as to drive off a conſiderable part of the acid, 

the ſulphate of iron is then red, and bears the name of 

natural colcothar, or chalcite ; when mixed with inflam- 

mable matters, this ſalt is called melanteri, from its black 

colour. All theſe matters have received the common 

name of atramentarious ſtones, as being, no leſs than ful- 

phate of iron, proper materials for making ink. 

11. Iron is often found in combination with ſulphur ; 
it then forms martial pyrites. This ore has received the 
name of pyrites, becauſe it is hard enough to afford a 
great abundance, of ſparks when ſtruck with ſteel. We 
call this combination native ſulphur of iron. Martial 
pyrites are commonly in ſmall round maſles, which are 
ſometimes regular. They are moſt generally ſpherical, 
| cubic, or duodecahzdral. Their form is ſubje& to many 

varieties; a fact which the reader of Henckel's Pyrito- 
| logy cannot fail to be convinced of. 
The abbe Haiiy, who has paid much attention to the 
; 


ſtructure of ferruginous pyrites, has diſcovered the fol- 
lowing principal varieties in their ſhape. 
1. The ſmooth cube : this is the primitive form of this 


mineral 

2. Pyrites in regular octahædrons. 

. 3. Pyrites in cubo- octahædrons: this is the cube with 
1 truncated angles. 

4. Duodecahedral pyrites with pentagonal ſides. 


5. Cubical pyrites ſtriated on three ſides. 
11. 
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He has ſhown that the cube, whoſe ſtriæ ſo much em- 
barraſſed Stenou and Mairan, by the diverſity of their 
directions, was nothing but a modification produced by 
a haſty cryſtallization of the duodecahædron, with pen- 
tagonal ſides; 

6. Pyrites with twenty triangular faces, eight of which 
are equilateral, and twelve iſoſecles. 

7. Pyrites with thirty-ſix triangular iſoſceles faces 
twelve of which are broader and longer than the other 
twenty-four. 

8. Globular pyrites ſet with octahædral points; this 
ſeems to be of a different nature from the preceding. 

Some pyrites are externally brown and iron coloured; 
the greater part are yellowiſh, and even at the ſurface 
pretty much like copper ores. They are all yellow, and 
of a copper appearance within; and they conſiſt moſtly 
of needles, or pyramids of a number of ſides, with their 
ſummits converging towards a common centre. Pyrites 
are uſually diſperſed near beds of iron ore, and ſcatter- 
ed among clays, and throngh coal mines. The upper- 
moſt ſtratum of a coal mine is almoſt always pyritous. 
All pyrites are eaſily decompoſed. No ſtrong heat is 
requiſite to drive off the ſulphur which they contain, 
They almoſt all alter of themſelves when expoſed to 
the air, eſpecially if the ſituation be moiſt : they ſwell, 
break, loſe their luſtre, and are covered over with a 
greeniſh white effloreſcence, which is nothing elſe but 
ſulphate of iron. It appears that this alteration, which 
has been called the vitriolization of pyrites, depends on 
the joint action of air and water on the ſulphur. Sul- 
phuric acid is thus formed; which, diffolving the iron, 


riſes above the pyrites in a form reſembling vegetation, 


r 
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by ſeparating gradually the ſmall pyramids of which the 
mineral conſiſts. But all pyrites do not effloreſce with 
the ſame facility. The globulous pyrites, the colour of 


which is very pale, and the contexture not very cloſe, 


eMoreſce the readieſt. Such as are of a bright copper 
yellow, and conſiſt of ſmall plates very neatly arranged 
one over another, effloreſce not without great difficulty, 
and ſhould be carefully diſtinguiſhed from the former, 
as they differ from them in colour, form, texture, and 
other properties. 

12. Iron is likewiſe met with in combination with 
arſenic, and both of them in a metallic ſtate. This ore, 
which is true miſpickel, is white, ſparkling, granulated, 
or with facets, and does not, like the arſenical pyrites, 
properly fo called, contain any fulphur. Wolfram was 
formerly thought to be arſenical iron ore; but is now 
known to be tungſten ore. 

13. Iron is ſometimes found in the form of a blue pow. 
der; ſometimes of a brighter, and ſometimes a deeper 
colour. In this ſtate it is called native Pruffian blue. It 
is mixed with vegetable earths, particularly peat- earth. 

14. Laſtly, as iron is more plenteous than any other 
metal, it is often found mixed with fand, clay, or chalk ; 
and a great many earths and ſtones are coloured by it. 


Iron ores are affayed in the dry way in the following 


manner : After being reduced to powder, they are mix- 
ed with twice their own weight of pounded glafs, one 
part of calcined borax, and a little powdered charcoal ; 
this mixture is well triturated : it is then put into a 
crucible, with a little marine ſalt added to cover the 
crucible, and urged with fire till it melt. When the 
whole becomes perfectly cool, it is fouud to contain a 
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ſmall ſpherical button of iron, often cryſtallized at the 


ſurface, and more or leſs malleable. | x 

Bergman propoſes the aſſaying of iron ores in the hu- 1 

mid way. He employed the muriatic acid to diſſolve 1 

| iron, and precipitated it by an alkaline pruſſiate. When 11 

W there were other metals mixed with the iron, he calcined 8 

=" and ſeparated them by the nitric, and the acetous acids; 

0 | and after that diſſolved the iron by the muriatic acid. n 

i | The treatment of iron ores is varied according to the n 

il EY ſtate of the metal. Some ores need no preparation be- 10 

i j fore they be melted ; others muſt be pounded and waſh- tl 

1 { | ed, ſometimes even roaſted, to render them ſoft and * 

4 | fuſible. c 

ep Muddy iron and ſparry iron are wrought in the ſame tt 

"ll way ; both being melted on coals. The furnaces uſed o 

| [a | in melting iron vary in height from twelve to eighteen f. 

14 i) feet. Their cavity is in the form of two quadrilateral h 

105 pyramids, with their baſes joined nearly at the middle of a 
} 0 the height of the furnace: this cavity is called (in 

1 J French) etalage. A hole, through which the metal may I 

XN bil paſs when melted, is perforated through the bottom of c 

1 the furnace; correſponding to this hole, which is ſtop- it 

3 j ped with earth, there is a triangular channel cut in the ( 

= / ſand, to receive the metal. The operation begins with r 

7 putting into the bottom of the furnace a few pieces of t 
IR burning wood; coals are laid upon the wood; and up- 
"| on the wood the ore, with ſome matters to promote its 

; fuſion. The matters employed for this purpoſe are I 

uſually calcareous ſtones, called (in French) caftire, with n 

ſome argillaceous ſtones, under the name of arbue, and t 

ſometimes quartz or flints. The ore, the ſtones, 0 

and the coal, are alternately put into the ſurface, care | 


N being 
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being taken to cover over the whole maſs with a layer 
of coal, which muſt reach to an equal height with the 
upper opening of the furnace. Thus diſpoſed, the maſs 
is urged with two large bellows till it melt. When the 
iron melts, it paſſes through the coals, and is thus redu- 
ced to a metallic ſtate. The ſtony matters, as they 
melt and vitrify, contribute to the fuſion of the iron, 
which begins at the narroweſt part of the furnace. The 
melted metal is colleQed at the bottom of the furnace in- 
to a place called the crucible ; from this it runs through 
the aperture in the bottom of the furnace into the reſer- 
voir prepared for it in the ſand. It here forms what is 
called ca iron. A vitreous matter called /ag paſſes af. 
ter the iron: it is formed by the vitrification of the 
gangue of the ore with the earths which were added to 
facilitate the fuſion of the iron. It is of a green, whitiſh, 
blue, or yellow colour, which is communicated to it by 
a part of the oxide of the melted iron. 

The iron thus obtained is brittle, and without duQi- 
lity. Metallurgiſts differ in opinion concerning the 
cauſe of this property of caſt iron: ſome have ſuppoſed 
it to depend on the metal being intermixed with flag. 
Others have attributed it to the metal not being entirely 
reduced, but ſtill containing a portion of oxide. Brandt 
thought it to be arſenic ; and M. Sage thinks it is zinc 
which renders caſt iron brittle. Bucquet conſidered 
caſt iron as iron imperfectly reduced, and ſtill contain- 
ing an intermixture of oxide. Bergman, after exami- 
ning this iron with great induſtry, concluded its fragili- 
ty to depend on the intermixture of a certain quantity 
of an extraneous matter, which he thought to be a pecu- 


liar metal, and diſtinguiſhed by the name of /yderites : 
that 
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that matter has been diſcovered to be a compound of 


iron with the phoſphoric acid. Syderites, as we ſhall 
hereafter ſhow, is likewiſe found in certain irons, The 
true cauſe of the fragility, fuſibility, granulated texture, 
and other peculiar properties of caſt iron, has been de- 
termined beyond a doubt by the ingenious reſearches of 
Meſſrs. Vandermonde, Monge, and Berthollet. They 
have ſhown, that caſt iron contains both oxigene and 
coal; the laſt of which it has abſorbed when in fuſion 
in the high furnace. To the various proportions in 
which it contains theſe two extraneous bodies, caſt iron 
owes its peculiar. properties, and the varieties by which 
theſe are diverſified. | 
Metallurgiſts diſtinguiſh various kinds of caſt iron; 
white, grey, black, &c. They give the name of /peck- 
led iron to that which is variegated with blackiſh ſpots 
on a grey ground. White caſt iron is the worſt kind; 
it is almoſt a ſemi-metal, The grey is between the firſt 
mentioned and the black; which laſt is eſteemed the 
belt, as it affords, the moſt eaſily, iron of a good quali- 
ty. Theſe differences depends on the various propor- 
tions in which the oxigene, and ſtill more the coal, is 
intermixed with the iron. When the proportion of the 
charcoal is conſiderable, and it is uniformly intermixed, 
the caſt iron is then black; when the proportion of the 
charcoal is leſs, the caſt iron is grey. An imperfect 
mixture, too haſtily cooled, gives ſpeckled caſt iron, 
White caſt iron contains the ſmalleſt proportion poſlible 
of charcoal. The nature and the uſe of caſt iron, and 
the proceſs for converting it into iron, are affected by all 
of theſe qualities. The above-mentioned philoſophers 
have diſcovered, that when caſt iron is melted again, 


there 
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there is always ſeparated from it a portion of charcoal 
intimately combined with iron. This compound, which 
has been hitherto called plumbago, forms a cruſt on 
the ladles in which the caſt iron is taken out to be cool- 
ed, 

In order to convert caſt iron into iron, it mult be pu- 
ried from the coal and the oxigene which it contains, 
A ſtrong fire, which may penetrate through the whole 
maſs, is requiſite to effect this reduction. At an high 
temperature, the charcoal naturally attracts the oxigene, 
burns, and is diſengaged with efferveſcence, in the form 
of carbonic acid gas. To accompliſh this, the caſt iron 
is taken to a refining furnace. It is a forge- furnace, 
with its hearth ſomewhat hollow; the caſt iron is put 
into it, and covered over with a good deal of charcoal, 
The fire is now blown till the caſt iron be melted ; when 
brought into this ſtate, it is repeatedly ſtirred, with the 
heat ſtill continued. The ſtirring cauſes it to expoſe more 
ſurface to the heat ; and by this means the charcoal ſeizes 
more of the oxigene, in conſequence of which it is more 
completely burnt, and diſengaged in carbonic acid gas. 
The metal appears alſo to detach from itſelf at the ſame 
time a portion of Hderite, or phoſphate of iron. It is 
next to be hammered into bars. The hammering, by 
compreſſing the particles of the metals, contributes to the 
ſeparation of the carbure and oxide of iron which it {till 
contains; it conſequently effects what could not be ef- 
fected by the fuſion from its being incomplete. The 
iron is repeatedly beaten and heated till it be brought 
to the deſired form and purity. Forged iron is either 
ſoft or brittle. Soft iron is very ductile ; and when 


broken, which cannot be done without bending it, it 
2 appears 
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appears to conſiſt of threads and fibres; this has gained 
it the name of nervous iron. But its nervous appearance 
is accidental; for even the fofteſt iron, if broken ſmartly 
at a ſingle blow, does not appear nervous; while the 
worſt iron, if broken with due precautions, may be made 
to put on this appearance. The grain of this metal af. 
fords a better criterion of its quality. The other ſpecies 
of forged iron is more brittle : it has coarſe grains, and 
appears to conſiſt of ſmalkſcales ; This, again, is either 
brittle when hot, or brittle when cold. The cauſe of its 
fragility is now known. That which is ſo brittle when 
cold is known to contain much more ſyderite or phoſphate 
of iron than what is contained in any other ſort of iron; 
ſill, as iron is more ductile, it is found to contain leſs 
ſyderite; and the ſofteſt iron contains none at all. To 
ſeparate this ſalt from iron, and to determine its quanti- 
ty, the metal may be diſſolved in ſulphuric acid, diluted 
in water; the ſolution, when ſuffered to ſettle, by de- 
grees depoſites the phoſphate of iron in a white precipi- 
tate, which may be taken up and weighed. 

Iron is artificially converted into ſteel. For this pur- 
poſe, ſhort bars of iron are incloſed in an earthen box, 
filled with a cement, which is uſually made up of very 
combuſtible matters; ſuch as ſoot from chimnies, or 
oo of animal matters; ſometimes aſhes, calcined 

nes, marine ſalt, or ammoniac, are added; but theſe 
matters are often more hurtful than ſerviceable. The 
box is now ſhut, and expoſed to heat for ten or twelve 
hours, till the bars become pretty white, and begin to 
ſoften... In this operation the iron is purified, and com- 
pletely reduced by means of the combuſtible matters 
with which it is cloſely ſurrounded. Such parts of it 

as 
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as were not perfectly in a metallic ſtate, are now enabled 
to return to that ſtate : and the phoſphate of iron, if 
any yet remains, appears to be now entirely decompo- 
ſed. The iron, being thus ſoftened and dilated, abſorbs 
part of the ſurrounding charcoal ; and cemented ſteel 
appears, therefore, to be a combination of pure iron com- 
pletely reduced, with charcoal. It differs from iron, as 
containing charcoal; and from caſt or crude iron, as 
not containing, like it, any oxigene together with the 
charcoal. If caſt iron be deprived of its oxigene, and 
yet ſuffered to retain its charcoal, it will become ſteel ; 
and again, if you add charcoal to pure iron, without add- 
ing to it any oxigene, it will likewiſe be converted in- 
to ſteel. Steel is much more fuſible than iron; and 
therefore bars of iron, converted by cementation into 
ſteel, are ſoftened to ſuch a degree, that the carbonic 
acid, which is diſengaged in bubbles, ſwells the ſurface 
of the metal into ſmall cavities, which are ſufficiently 
diſcernible. The ſteel which exhibits theſe appearances 
is called hen. ſteetꝰ. The differences of ſteel depend on 
the iron's having been more or leis completely reduced, 
on the quantity of the charcoal contained in it, and on 
its being flowly or quickly cooled; tempering compreſles 
its particles more cloſely upon each other, and renders 
it very hard, dry, and brittle. 

It is plain, that what renders all theſe preparations 
neceſſary, is, becauſe this metal is more difficult to melt 
than any other, adheres much more obſtinately to the 
oxigenous principle, and has a ſtronger tendency to com- 
bine with it. 

There are ores, eſpecially black iron ores, ſuch as 
Vo“. III. B that 


Acier poule. 
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that of the iſle of Elba, in which the metal is ſo plen- 
teous, and ſo little altered, that there is no. occaſion for 
converting it firſt into caſt iron. It is only ſoftened in 
a refining, furnace, and immediately ſubmitted to the 
hammer. Ibis is called the Catalan method. It cannot 
be uſed, except with ores which contain but a ſmall por- 
tion of extraneous matters that can run into Hag. 

Sparry iron ores afford iron ſo pure, and ſo eaſily re- 
ducible, that they melt very readily, and greedily abſorb 
charcoal as they are reduced, They are on this account 
called ores cel. 

A very intenſe heat is requiſite to melt iron. Iron 
filings caſt into the midſt of a pan with burning coals, 
or even upon the flame of a taper, inſtantly Kindle, 
and produce very lively ſparks; ſuch too are the ſparks 
which iſſue from a picce of ſteel when ſtruck againſt 
ſtones. When theſe ſparks are collected upon white 
paper, they are found to be melted into a kind of droſs 
or ſcorizz. This metal, when expoſed to the focus of 
'Trudaine's burning-glaſs, ſuddenly emits flaming and 
burning ſparks. Macquer, who melted both ſteel and 
iron in that lens, obſerved ſteel to be the moſt fuſible of 
the two; which is owing to its being combined with 
charcoal, When melted-iron is lowly cooled, it takes, 
as we have already obſerved, a peculiar cryſtalline form. 
M. Mongez deſeribes it as a pyramid with three or four 
ſides. 

A ſtrcam of vital air poured on iron in filings, cauſes 
it to burn with as much rapidity as the heat of the 
focus of the lens in the garden de PInfante, If into a 
bottle filled with vital air you immerſe a piece of iron 
wire, twiſted into a ſpiral line, with a ſmall bit of light- 

ed 
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burns with a rapidity and a flame which are very 
remarkable. As in all theſe inſtances of fuſion the iron 
becomes brittle, is reduced to oxide, and at the ſame 
time takes a black colour, iron- ſmiths, and all who have 
any occaſion to work the metal, conſider it as not being 


fuſible; and with them it is a maxim that iron is abſo- 


lutely infuſible. - This opinion, however, proves, when 
ſtrictly examined, to be erroneous ; for when ſubmitted 
to the action of a very ſtrong fire, without being at the 
ſame time expoſed to the action of air, iron melts al- 
molt without alteration, In our accurate experiments, 
we obtain ſmall buttons of ſoft ductile iron. 

Iron, though ſo very hard and refractory, is very ea- 
fily calcined or reduced to oxide. As ſoon as it begins 
to turn red hot, it combines with oxigene, and burns 
without any diſcernible flame. A bar of iron, after 
being kept red-hot for a conſiderable time, exhibits on 
its ſurface ſcales which may be beaten off with the 
hammer, (and are called by the French workmen Ga- 
litures de fer). The metal of theſe ſcales is but oxidated 
in part, for they are ſtill liable to be attracted by the 
loadſtone. A more perfect oxide of iron may be ob- 
tained by expoſing filings of ſteel under a muffle ; and 
this will take place ſtill more readily with ſcales of iron. 
Theſe are converted into a reddiſh brown powder, not 
liable to be attracted by the loadſtone, which is called 
aſtringent ſaffron of Mars. We call it red oxide of iron; 
and theſcales we called black oxide. The black oxide con- 
tains from 20 to 25 parts of oxigene to the hundred; the 
red oxide contains from 32 to 34 of the ſame prin- 
ciple. The oxides of iron differ according as they ap- 

B 2 proac 


ed tinder at one end, the metal ſuddenly takes fire, and 
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proach nearer to the one or the other of theſe two de- q 
grees. Some are of a yellow brown colour; others tr 
cheſnut ; and others, again, of a moſt beautiful red, like ta 
carmine. All of theſe oxides, when mixed with earthy fo 
matters, and expoſed to a very ſtrong heat, melt into a ru 


blackiſh porous glaſs. They are in part reduced when th 
heated flowly in cloſe veſſels. However ſhort the time th 


during which they have been expoſed to the air, they WM to 
give out, when reduced, a certain quantity of carbonic 


acid; a circumſtance which proves that they attract this 
acid from the atmoſphere. This acid is alſo produced 
from the charcoal which the iron contains, and which 
becomes acid by abſorbing the oxigene diſengaged from 
them as they are reduced. 

Red oxide of iron is very eaſily reduced with the 
help of combuſtible matters. On being mixed with a 
little oil, and heated ſlightly in a crucible, they become 
black, and very ſubje& to the attraction of the load- 
ſtone: But in this operation they loſe not all the oxi- 
gene which they contain ; they only paſs into the ſtate 
of black oxide. 

The pureſt iron ſoon loſes its metallic luſtre when ex- 
poſed to humid air: it is then covered over with a pul- 
verulent brown yellow cruſt. This matter is called 
ruſt. Cammon iron is much more liable to ruſt, than 
ſteel. The more the particles of the metal are atte- 
nuated and divided, the more rapid is the alteration 
which it ſuffers from air. On this principle is pre- 
pared the medicine known in pharmacy under the name 
of aperient ſaffron of Mars. To produce it, iron filings an 
are expoſed to the air, and watered ; and by this means 
they come to ruſt very ſpeedily, It is formed till more WM e 

| quickly 
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quickly of iron in the ſtate of Etbiopt, or black oxide, 
treated in the ſame manner. In this alteration the me- 
tal is agglutinated into maſſes, which are levigated be- 
fore being employed in medicine. The formation of the 
ruſt of iron was thought to be owing to the action of 
the air; but it is now known to be water which calcines 
the metal in this manner. Some experiments peculiar 
to myſelf lead me to confider aperient ſaffron of Mars 
as a combination of oxide of iron with carbonic acid. 
I have diſtilled 7his ſaffron of Mars in a pneumato- 
chemical apparatus, and obtained from it à large pro- 
portion of this acid. The iron was then changed into a 
om black powder, very ſubject to the attraction of the load- 

ſtone. M. Joſſe, apothecary at Paris, has communica- 
the ted to the Royal Society of Medicine a ſimilar. proceſs 
h a for obtaining ſpeedily martial Athiaops. He adviſes the 
me making the aperient /affron of Mars red-hot in a retort, 
ad- with a balloon perforated with a ſmall hole, fitted, but 
xi not luted, to it. By this means the heat diſengages the 
ate carbonic acid, which M. Joſſe ſuffers to eſcape through 

the hole perforated in the balloon; and the iron then 
ex. remains in the ſtate of black oxide in powder, or mar- 
ul. WW % Athiopt. 1 have by this means often cryſtallized 
led WM cauſtic potaſh, and ſoda, rubbed over the ſides of the 
han balloon fitted to the retort.” In conſequence of the car- 
tte. bonic acid, from the iron, uniting with one or other of 
ion the alkalis, the neutral falts are formed, to which we 
pre. have given the name of carbonate of potaſh or of ſoda, 
me I have made many other experiments, and have given 
ngs an account of them in a particular Memoir, (Chem · 
ans Mem. & Obſerv. 1784). From all of them I am con- 
ore vinced, that this matter is a true neutral ſalt, formed 
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by oxide of iron with the carbonic acid. Ruſt ſhould 


therefore be called carbonate. of iron, to diſtinguiſh it 


from the genuine oxides of this metal. This ſalt is pre- 
ciſely the ſame with what Bergman calls aerated. iron. 
This theory, too, has been adopted by Macquer. It 
explains very naturally how iron comes to contract ruſt 
ſo ſpeedily in humid and impure air; bow it comes to 
be altered, ſo quickly, and ſo entirely, in places where 


the air is corrupted by the reſpiration of animals, by 


combuſtion, or by vapours proceeding from animal mat- 
ters; as, for inſtance, in ſtables, ſtalls, and houſes of 
office, &c. Iron is of all metals the moſt liable to al- 
teration from the contact of air, and the alteration is 
not confined. to its ſurface. Very thick bars of iron are 

often ruſted half way through. | 
Water acts powerfully on iron when cold. It divides 
it, and even diſſolves a part of it, according to the ex- 
periments of M. Monnet. The purer the iron 1s, and 
the more air the water contains, ſo much the more of 
it does it diſſolve. When iron is for ſome time ſtirred 
about in water, it appears to be divided into very minule 
parts; and on decanting the water, which is a little 
turbid, it depoſites a very fine black powder, which has 
received the name of Lemery's martial Aithiops. This 
powder muſt be carefully dried by a moderate heat, and 
in a cloſe veſſel, ſuch as an alembic, leſt the contact of 
the air ſhould ruſt it. This martial Æthiops is very ſub- 
ject to the attraction of the loadſtone; it is a black 
oxide of iron formed by water. As this operation is 
very tedious and delicate, various chemiſts have attempt- 
ed to ſimplify it. Rouelle, in making up this prepara- 
tien, made uſe of the mouſſoirs de la Garnye, and by that 
| means 
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means obtained a very fine M!hiops, in much leſs 
time than is conſumed in Lemery's proceſs. I believe 
M. Joſſe's method, which is much more expeditious, 
might be advantageouſly ſubſtituted in its place. We 
will hereafter give ſome other proceſſes for preparing 
martial Aithi:ps. Lemery's is effected by an actual de- 
compoſition of water; hydrogenous gas is diſengaged, 
and the iron is oxidated by abſorbing twenty-five parts 
of oxigene to a hundred. We will very ſoon treat more 
at length of this decompoſition of iron by water. 

We have already mentioned, that when ſteel in bars 
is heated to a certain degree, and ſuddenly immerſed in- 
to cold water, it becomes very hard, and very brittle. 
The hotter the ſteel, and the colder the liqour into which 
it is immerſed, ſo much the more eminent do theſe quali- 
ties become. *'This operation is called tempering. Steel 
may at pleaſure be cauſed to aſſume any degree of hard- 
neſs. We can alſo deprive it of its temper, by heating 
it to the ſame temperature at which it was tempered, and 
ſuffering it to cool ſlowly. This effect of water on ſteel 
appears to depend. on the ſudden cooling producing a 
change in the diſpoſition of its parts, and injuring its 
cryſtallization. All metals admit of being hardened by 
tempering ; but the more infuſible the metal, fo much 
the more eminent the degree in which it acquires this 
quality. Iron, therefore, is more ſuſceptible of it than 
any other. | | 

About two years ſince, a much ſtronger action was 
diſcovered to take place between water and iron. M. 
Lavoiſier putting iron and water together into bell - glaſs 
above mercury, obſerved that the iron ruſted, and the 
water decreaſed in quantity in proportion as an elaſtic 
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fluid which filled the upper part of the apparatus*was 
diſengaged. The fluid diſengaged proved to be inflam- 


nable gas. The iron had gained an additional weight, 


and was oxidated: M. Lavoifier conjeQured, that the 
water might contain oxigene, and that the inflammable 
gas, the other principle of the water, might be diſenga- 
ged, in conſequence of the oxigene uniting with the iron. 
He afterwards made a more deciſive experiment, in con- 
junction with M. Meuſnier: in that experiment, water 
in vapour introduced into a gun- barrel made red-hot, 
afforded a large proportion of inflammable gas: The inner 
part of the gun was found to have acquired additional 
bulk, and was become black, brittle, and lamellated, 
much like the iron ore of the iſle of Elba; The metal 
was found to have gained an increaſe of weight ; and 
the additional weight which it had acquired, taken toge- 
ther with the weight of the inflammable gat, correſpond- 
ed preciſely to that of the water decompoſed. The por- 
tion of iron oxidated by this means was found ſeparate 
from that which had not undergone the ſame alteration. 
It formed an interior cylinder, thicker than the exterior 
part; and differing greatly from it in texture, colour, 
conſiſtency, and form. In order to ſucceed in this ex- 
periment, it is requiſite to heat the iron to a white red: 
for heat contributes greatly to the ſeparation of the prin- 
ciples of the water. And when the gun-barrel is not 
thoroughly red-hot, and the water not in an highly ela- 
ſtic ſtate when it paſſes through it, no inflammable gas is 
diſengaged, nor is the water decompoſed. This has 
happened with various philoſophers ; who not making 
the iron hot enough, and introducing the water into it 


in a liquid ſtate, have not obtained the ſame reſults as 
M. 


M. Lavoiſier, and have of conſequence denied water to 
be decompoſable, though Syntheſis concurs to juſtify M. 
Lavoiſier's inferences from analyſis, as has been incon- 
trovertibly ſhown by the ſame gentleman and M. Mongez. 
There are many other occaſions on which water is, in a 
like manner, ſeparated into its conſtituent principles, and 
gives riſe to many very important phænomena, of which 
we ſhall hereafter have occaſion to take notice.. Such is 
the experiment by which water was diſcovered to be a 


compound conſiſting. of 0,14 of hydrogene, with 0,86 f 


oxigene. | 

Iron does not combine in its metallic ſtate with earthy 
or {tony matters ; but oxide of iron facilitares the vitrifi- 
cation of all kinds of ſtone ; communicating to them a 
green or brown colour. The colours which oxide of 
iron communicates to other bodies are various, accor- 
ding as it is more or leſs completely oxidated. This 
oxide poſſeſſes likewiſe the property of aſſuming and 
communicating more or leſs conſiſtency to thoſe ſtones 
with which it is naturally or artificially mixed, and dilu- 
ted by means of water. 

Neither barytes, magneſia, nor lime, acts obſervably 
upon iron. 

The pure fixed alkalis and ammoniac, when diſſolved 
in water, act in a ſenſible manner on this metal. In the 


courſe of a few days digeſtion on it, the liquors become 


ſoul, and give a precipitate of a ſmall portion of Ahiops, 


or black oxide of iron: And, as has been obſerved by © 


the chemiſts of the Academy of Dijon, a certain quanti- 
ty of hydrogenous gas is diſengaged during the aQtion 
of tlieſe ſubſtances ; a circumſtance{which proves, that 


che water contributes to it, as the hydrogenous gas can 
be 
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be given out only in conſequence of its decompoſition ; 
to which no doubt the alkalis contribute. 

Iron may be diflolved in any of the acids. M. Mon- 
net has obſerved, that the concentrated ſulphuric acid 
cannot act on this metal, unleſs it be boiling. On dif- 
tilling this mixture to dryneſs, there are found in the 
retort ſublimated flowers of ſalphur, and ſulphate of iron 
in a white maſs, which may be partly diſſolved in water, 
but which being decompoſed by heat, affords no cryſtals. 
The ſulphuric acid diluted in two parts of water, readily 
diſſolves iron filings cold; at the ſame time, when the 
metal is diſſolved, a conſiderable quantity of hydroge- 
nous gas is diſengaged. By putting a lighted taper to 
the mouth of the matraſs, after keeping it ſtopped for 
ſome time with the hand, it may be made to detonize 
with a confiderable noiſe. This gas burns with a red- 
diſh flame, ſometimes emitting very ſmall ſparks, like 
thoſe of iron filings. Macquer, Bergman, and Mr Kir- 
wan, think that in this inſtance of combination the ſul- 
phuric acid diſengages a great part of the phlogiſton of 
the iron, and that the inflammable gas belongs ſolely to 
this metal. This opinion appears to have been built on 
the belief, that inflammable gas might be extracted from 
iron alone, without any intermedium, merely by the ac- 
tion of fire. But it is at preſent a well eſtabliſhed fact, 
that the hydrogenous gas, diſengaged from iron by heat, 
is always in exact proportion to the water it contains; 
and it is no leſs certain, that water added to ſulphu- 
ric acid gives out, in conſequence of being decompo- 
fed, hydrogenous gas. 1. Becauſe the concentrated 
ſulphuric acid affords ouly ſulphureous gas. 2. Becauſe 
in this ſtate it cannot act upon iron without the aid of 

2 heat 
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heat, and even then acts upon it very faintly. 3. Be- 


_ cauſe, whenever water is added, the action becomes more 


rapid, and hydrogenous gas is produced. 4. Laſtly, 
becauſe concentrated ſulphuric acid is in part decom- 
poſed by iron when there is no water added ; where- 
as, when water is added to the ſolution, the acid remains 
without diminution, and only combines with the oxide 
of iron. The proof of this laſt fact is, that the ſame 
quantity of alkali is required to ſaturate this acid after 
it has ated on iron as before. In this operation, there- 
fore, it is the water which oxidates the iron, as was long 
ſince conjectured by M. de la Place; and has been fully 
proved by Meſſrs Lavoiſier and Meuſnier. 

While the ſulphuric acid diluted in water acts upon 
iron, a portion of the metal is precipitated in a black 
powder, which was taken by Stahl for ſulphur, and has 
been ſound by M. Monnet to be martial Fithiops. That 
black oxide appears to be more than ſufficient for the 
ſaturation of the acid. As ſoon as one part of the iron 
is combined with one of the acid, although the acid be 
not nearly ſaturated, yet the ſolution ceaſes, and it no 
longer acts upon the metal. M. Monnet, who firſt made 
this obſervation, remarks, that when water is poured in- 
to the mixture, the acid begins again to act upon the me- 
tal, The cauſe of this phenomenon is, that the water 
which was united with the ſulphuric acid has been ab- 
ſorbed by the ſulphate of iron, which is already formed, 
while the acid which remains unſaturated cannot act up- 
on the iron, till by the addition of a new quantity of 
water more of the metal be reduced to oxide. The ſul- 
phuric acid diſſolves more than half its own weight ot 


iron. This ſolution, after being filtered and evaporated, 
afford, 
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affords by cooling a tranſparent ſalt, of a beautiful green 
colour, in rhombic cryſtals. This is the martial vitriol, 
or green copperas of commerce. We call it ſulphate of 
Iron. Rath 1 4 

People do not take the trouble of making up this ſalt 
artificially, becauſe nature ſupplies it in abundance, 
and it is eaſily extracted from martial pyrites. All that 
is requiſite is, to leave thoſe ſulphurs expoſed for 
ſome time to the air. The moiſture of the atmoſphere 
contributes to their decompoſition; they become co- 
vered with a white effloreſcence, which needs to be diſ- 
ſolved in water, and cryſtallized, before it can afford 
ſulphate of iron. This decompoſition of pyrites de- 
pends, according to Stahl, on a double affinity. Sulphur 
is with him a compound of phlogi/ton and vitriolic acid. 
Neither water or iron, when taken each by itſelf, can 
decompoſe ſulphur: But when theſe two ſubſtances 
are made to act upon it together, the iron detaches, and 
attracts to itſelf the phlogiſton of the ſulphur, and the 
vitriolic acid combines with the water to diſſolve the me- 
tal. Such of the pyrites as are leſs diſpoſed to effloreſce, 
among which are the brilliant pyrites, effloreſce readily 
after being deprived by roaſting of a part of the ſul- 
phur which they naturally contain. The witriol is ſe- 
parated from it by waſhing. The ſolution of this ſalt 
depoſites at firſt a certain quantity of iron in the ſtate of 
ochre. The liquor is not evaporated and cryſtallized 


till after this depoſitum be precipitated. The modern 


opinion concerning the effloreſcence of pyrites is, that 
the ſulphur, which in them is divided as in its combina» 
tions with alkaline ſubſtances, combines with a portion 


of oxigene to form ſulphuric acid, which being diluted 
by 
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by the water of the atmoſphere, enters into union with 
the iron, not without exciting heat, and diffolves it. 
What adds a very conſiderable weight to this opinion is, 
that the contact of air is neceſſary to the effloreſcence of 
pyrites, and that moiſture, which contributes greatly to 
their vitriolixation, acts in this inſtance in the ſame man- 
ner as in the ſolution of iron. Such is the origin of the 
hydrogenous gas, which is diſengaged in this operation 


u ben performed in vacuo. 


Sulphate of iron has a green emerald colour, and a 
very aſtringent taſte. It ſometimes reddens ſyrup of 


violets; but it does not uniformly produce this effect. 


From the experiments of Kunckel and M. Monnet, it 
appears that theſe eryſtals contain a quantity of water 
equal to more than half the weight of the ſalt. If this 
ſalt be ſuddenly expoſed to a pretty ſtrong heat, it be- 
comes liquid, like any of the other ſalts which are more 
ſoluble in heat than in cold: when dried, its colour is 
a whitiſh grey. If it be heated at a more intenſe fire, 
it gives out ſo much of its acid in the form of ſulphu- 
reous gas, and becomes red; in this ſtate it is called 
colcothar. Sulphate of iron, when calcined till it be- 
comes red, attracts the moiſture of the atmoſphere, in a 
very ſenſible manner, by means of the ſulphuric acid 
which it contains. When diſtilled in a retort, and in 


à reverberating furnace, this falt affords at firſt a wa- 


ter which is faintly acid, and is called dew of vitriol. 
The balloon muſt be changed, when we wiſh to obtain 
the concentrated ſulphuric acid ſeparately ; which, when 
the heat is very intenſe, appears black as it paſſes into 
the receiver, and exhales a ſuffocating ſmell of volatile 
ſulphureous acid. What enables it to diſplay theſe 

8 phænomena 
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phænomena is, according to the pneumatic theory, its 
having loſt a part of its oxigene, which has become fix- 
ed in the iron. Towards the end of the operation, the 
acid diſtilled aſſumes a concrete cryſtalline form, and it 
is now called glacial ſulphuric acid. This experiment, 
which is deſcribed by Hellot, did not ſucceed with M. 
Baume ; but among chemiſts in general it is conſider- 
_ ed as certain and infallible. The glacial ſulphuric acid, 
when diſtilled in a ſmall retort, gives out ſulphureous 
gas, and becomes white and fluid. It owes its concrete 
ſtate to the preſence of this gas. It combines with wa- 
ter with hiſſing and heat, and on this occaſion, too, gives 
out ſulphureous gas. Such is Northauſen's fuming oil 
ef vitriol, and the concrete ſalt obtained from it by a 
moderate heat, of which I have given an analyſis in a 
Memoir publiſhed among the Memoirs of the Academy 
ſor the year 1785. | 

The reſidue remaining after the diſtillation of ſulphate 
of iron 1s red, and reſembles colcothar. When waſhed 
with water, there is ſeparated from it a white ſalt, but 


little known, and called colcothar ſalt, or fixed ſalt of vi- 


triol. What remains is a red inſipid earth, which is pure 
oxide of iron, and is called mild earth of vitriol. 
Sulphate of iron, when expoſed to the air, becomes 
ſomewhat yellow, and is gradually covered with rult, by 
abſorbing oxigene from the atmoſphere, By this ab- 
ſorption of oxigene, it is gradually more and more 
calcined, till it become incapable of remaining united 
with the ſulphuric acid. A ſolution of this falt exhibits 
the ſame phænomenon when brought into contact with 
the atmoſphere; and either the one or the other may be 


uſed as an cudiometer. 
Cold 
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Cold water diflolves a quantity of this ſalt equal to 
half its own weight: hot water diſſolves ſtill more of 
it: but when ſufficiently impregnated, it appears to be 
rendered turbid by a quantity of ochre more or leſs 
conſiderable. This ochre is ſeparated from it by filtra- 
tion: and the ſolution, when cooled, gives pale green 


tranſparent” rhomboidal cryſtals. The ſupernatant li- 


quor affords, by evaporation, a new parcel of cryſtals : 
and after it is deprived of all that it can afford by cry- 
ſtallization, there remains a blackiſh brqu, or a brown 
yellow mother water, not ſuſceptible of eryſtallization. 
When evaporated by a ſtrong heat, and ſuffered to cool, 
this mother water forms a ſoft unctuous maſs, which 
powerfully attracts the moiſture of the atmoſphere. 
When this maſs is thoroughly dry, it affords a greeniſh 
yellow powder. According to M. Monnet, the mother 
water of ſulphate of iron contains iron in the ſtate of a 
perſect oxide. He made himſelf certain of this fact, by 
ſorming directly, with the help of heat, a ſolution of 
genuine oxide of iron in this acid. The ſolution is 
brown, and not ſuſceptible of cryſtallization. 

The oxide of iron may be ſeparated from the mo- 
ther water, not only by aluminous earth, but alſo by 
copper and iron filings, to which perfect ſulphate of iron 
is not liable.—A ſtrongly faturated ſolution of this per- 
fect ſalt, if expoſed to the air, changes, in a certain ſpace 
of time, into a mother water of the ſame nature with 
the two laſt-mentioned, by attracting oxigene from the 
atmoſphere. 

Sulphate of iron is decompoſable by lime and alkalis. 
Lime-water poured into a ſolution of this ſalt produces 
a precipitate in Jakes of a deep olive green colour; a 

portion 
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portion of the precipitate is again diſſolved in the water, 
and communicates to it a reddiſh tinge. In the years 
1777 and 1778, I preſented to the Academy two Me- 
moirs on precipitates of iron obtained by cauſtic alkalis, 
or by alkalis not cauſtic, in which I have accurately 
deſcribed the phaznomena which attend theſe precipita- 
tions, and the ſtate of the iron in theſe different cir. 
cumſtances ; I ſhall here give the chief facts which they 
afford in relation to ſulphate of iron. Cauſtic fixed 
alkali precipitates the fulphuric ſolution of iron in dark 
green flakes, which are again diſſolved in the alkali, 
formig a kind of martial tincture of a very beautiful 
Ted colour. When a ſmaller portion of the alkali is put 
into the ſolution, the precipitate may be taken up and 
converted into blackiſh Ahiops, or black oxide of iron, 
by drying it rapidly and in cloſe veſſels. If theſe two 
precautions were neglected, the iron would very ſoon 
become oxide, on account of its being moiſt and di- 
vided. Potaſh, ſaturated with carbonic acid, or car- 
bonate of potaſh, forms a greeniſh white precipitate, 
which does not diſſolve again in the alkali This dif- 
ference is owing to the carbonic acid, which unites with 
the iron as faſt as it is ſeparated from the alkali by the 
ſulphuric acid. Pure or cauſtic ammoniac produces a 
precipitate from a ſolution of ſulphate of iron in water, 
of a deep blackiſh green, and which does not diſſolve 
again in the ſalt. By drying it ſuddenly, and in cloſe 
veſſels, it may be obtained black, and liable to be attraQ- 
ed by the loadſtone. The precipitate formed by con- 
crete ammoniac, or ammoniacal carbonate, is of a green- 
iſh grey colour; a part of it is again diſſolved in the 
ſalt, and communicates to it a red tinge; ſo that the 
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phenomena which ammoniac produces in this ſolution, 
are in one reſpect directly oppoſite to thoſe of the fix- 
ed alkalis : cauſtic fixed alkali diſſolves the precipitated 
iron very readily ; carbonated Pres not without the 
greateſt difficulty. 
Aſtringent vegetable- matters, ſuch as | ew ſu- 
mae, huſks of nuts and pomegranates, quinquina, cy- 
preſs-nuts; logwood, tea, &. cauſe ſulphate of iron to 
yield a black precipitate. This precipitate, which can- 
not be miſtaken for iron, is ſo much attenuated as to re- 
main ſuſpended in the liquor. On adding to this mix- 
ture a little gum-arabic, the iron precipitate is perma- 
nently ſuſpended, and the compoſition forms the black 
liquor known under the name of ink. We do not yet 
certainly know what paſſes on this occaſion. Macquer, 
M. Monnet, and many other chemiſts, think the preci- 
pitate of ink to be combined with ſome principle of the 
nut- gall which diſengages it from the acid. They ap- 
pear with ſome reaſon to think that principle in an oily 
ſtate. M. Guanetti, a phyſician at Turin, has made a 
number of experiments on iron precipitated by aſtrin- 
gents from its ſolutions. © The reſult of his reſearches, 
which he has given in his analyſis of the waters of St 
Vincent, proves that this precipitate 1s not liable to be 
attracted by the loadſtone: that it becomes fo, however, 
when heated in a very cloſe veſſel; that it is ſoluble in 
acids without efferveſcence ; and that the ſolution no 
longer receives a black tincture from nut-galls : from 
which facts it may be inferred, that the iron is combi- 
ned with the aſtringent principle, and that they exiſt 
together ſomewhat in the fate of a neutral ſalt. In the 
third Volume of the Elements of Chemiltry, by the Aca- 
Vol. III. C demy 
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demy of Dijon, there is a ſeries of experiments on the 
aſtringent vegetable principle, which ſeem to repreſent 
this ſubſtance as of a ſimilar nature with acids. Ac- 
cording to thoſe chemiſts, it reddens vegetable blue co- 
lours ; combines with alkalis ; decompoſes ſulphurs ; 
diflolves, and appears to neutralize metals; decompoſes 
all ſolutions of metals with peculiar phenomena z a- 
ſcends in diſtillation, without loſing its power of acting 
on metals, and diſplays a vaſt number of other properties 
which we have not here room to enlarge upon. 

The experiments and inductions of the academicians 
of Dijon have ſince been confirmed by the reſearches of 
Scheele. That celebrated chemiſt has diſcovered, that 
the ſimple infuſion of nut-galls in water, ſeparates from 
it a peculiar acid, ſuſceptible of cryſtallization, which 
detaches iron from any other acids, and communicates 
to it a black colour, by bringing it nearer to a metallic 
Nate: We call this ſalt the acid of galls, or the gallic acid. 
Its hiſtory will occur in the vegetable kingdom. 

A phænomenon ſtill more difficult to underſtand than 
the action of nut-gall on ſulphate of iron, is the decom- 
poſition of this falt by an alkali calcined with bullock's 
blood. By this means we obtain a precipitate of a beau- 
tiful blue colour, and inſoluble in acids. This preci- 
pitate is called Berlin, or Pruſſian blue, becauſe it was 
firſt diſcovered in the city of Berlin. Stahl relates, that 
a chemiſt, of the name of Dieſbach, happening to bor- 

_ row from Dippel a quantity of fixed alkali to precipitate 
a ſolution of cochineal, Dippel gave him alkali on which 
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he had diſtilled bis animal oil. The ſalt cauſed Die, 172 
bach's ſolution to yield a blue precipitate. Dippel in- ters 


quired into the cauſe, and prepared, by a ſimple procels, i M. 
| | the 


the Pruſſian blue, which was made known to the world 
in the year 17 10, in the Miſcellanies of the Academy of 
Berlin; but the mode of preparation was not commu- 
nicated. Chemiſts laboured eagerly to diſcover the pro- 
ceſs for preparing it, and at length ſucceeded. In the 
year 1724, Woodward publiſhed, in the Philoſophical 
Tranſactions, a proceſs for preparing this colouring ſub- 
ſtance. | 

To make Pruſſian blue, mix four ounces of nitre, fix- 
ed by tartar, with as much dried bullock's blood. Cal- 
cine this mixture in a crucible till it be reduced to a 
coal, and ceaſe to emit flame. Waſh it with as much 
water as may be requiſite to difſolye the whole of the 
ſaline matter, which is called phlogi/ticated alkali, or co- 
louring lixivium ; and let this lixivium be concentrated 
by evaporation. Next diſſolve two ounces of ſulphate 
of iron, and four ounces of aluminous ſulphate, in a pint 
of water. Mix this ſolution with the alkaline lixivium ; 
a greeniſh depoſitum is produced, which muſt be ſepa- 


han rated by the filter and muriatic acid poured upon it. 
OM- The depoſitum then takes a darker and more beautiful 


blue colour ; and is to be dried by a moderate heat, or 
in the air. 

Many chemiſts have ſince attempted both to prepare 
and to form a theory of Pruſſian blue: As to its prepa- 
ration, it is at preſent known, that many other ſubſtances 
nder alkali capable of producing a blue precipitate of ' 
Iron. 

Geoffroy, in the Memoirs of the Academy for the year 
Diel. 1725, ſays, that he found all burnt coals of animal mat- 
U in. ters capable of communicating this property to alkalis. 
ceſs, i M. Baume aſſerts, that phlagiſticated alkali may be pre- 
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pared with the coals of vegetable ſubſtances by a ſtrong. 
er heat. Spielman has made it with bitumens; Brandt 
with ſoot. The manufactories of Pruſſian blue are very 
numerous ; and in each of them, it would appear, dif. 
ferent methods are employed in the preparations. M, 
Baunach informs vs, that in Germany the hooves, horns, 
and hides of cattle, are uſed for this purpoſe. All ani. 
mal matters, however, do not appear equally proper for 
the Pruſſian lixivium. I have attempted ineffectually 
to prepare it with the bile in the' ſame manner as with 
the blood of bullocks. What I obtained was an alkali, 
which produced in a ſolution of vitriol a greetiiſh white 
precipitate; and the precipitate was entirely diſſolved in 

the muriatic acid, | 
Chemiſts differ greatly concerning the theory of 
Pruſſian blue. Brown and Geoffroy thought it to be 
the phlogi/tic part of iron extricated by the lixivium of 
the blood, and united with the aluminous earth. Abbe M. 
Menon thought it to be alkali. Macquer, in a Memoir fat 
which has deſervedly been conſidered as a maſter-piece WF cir 
by every chemiſt, and is inſerted among the Memoirs fro 
of the Academy for the year 1752, has refuted the opi- {MW tio! 
nions of thoſe chemiſts. He thinks Pruſſian blue to be pre 
nothing but iron, combined with an exceſs of the in- cipi 
flammable principle which it receives from the phlogi-WM ting 
Aticated alkali, and the alkali from the bullock's blood. 
He obſerves, 1. That Pruſſian blue, when expoſed to 
heat, loſes its colour, and becomes fimply iron again: 
2. That this blue is inſoluble even by the ſtrongeſt a- 
cids : 3. That alkalis are capable of diſſolving the co- 
louring matter of Pruſſian blue and abſorbing it till 
they be ſaturated. For this it is ſufficient to heat an al- 
2 kaline 
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kaline lixiyium upon Pruſſian blue till che alkali be- 
come unfit to diſcolour it. Alkali, when thus ſaturated 
with the colouring matter of Pruſſian blue, is found to 
have loſt moſt of its properties. It is no longer cauſtie; 
it does not efferveſce with acids; of the earthy ſalts, it 
decompoſes only ſuch as have barytes for their baſe ; it 
precipitates all metallic ſalts; and this precipitation ap- 
pears to take place by virtue of a double affinity, the 
affinity of the acid with the alkali, and the affinity of the 
metallic oxide with the colouring part of that ſalt. 
Alkali is thus capable of deſtroying the colour of a 
twentieth part of its weight of Pruſſian blue; and is 
then ſaturated with colouring matter. The acids diſ- 
engage from it a ſmall quantity of blue ſediment ; and 
the ſulphate of iron is then inſtantly precipitated in per- 
fect Pruſſian blue. 

In regard to alkali prepared in the common way, 
Macquer obſerves, that it is far from being completely 
ſaturated with colouring matter; and that, from this 
circumſtance, it produces at firſt a green precipitate 
from the ſolution of ſulphate of iron, In fact, the por- 
tion of the alkali which is ſaturated does give a blue 
precipitate ; but the portion which is not ſaturated pre- 
cipitates Iron in the ſtate of ochre, which gives a green 
tinge to the blue precipitate, by intermixing the blue 
with yellow. According to this ingenious theory, the 
acid poured on the precipitate, ſerves to diſſolve that 
portion of it which is not in the ſtate of Pruſſian blue, 
and to improve the colour of that which is. The alum, 
which is added to the ſolution of ſulphate of iron, ſatu- 
rates the alkali which is not already ſaturated with co- 
louring matter; and the earth of this laſt added ſalt, 
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being precipitated with the Pruſſian blue, brightens its | 


dye. As it is neceſſary to pour acid on the pyecipitate 
of ſulphate of iron, in order to brighten Pruſſian blue, 
that acid may be added to the alkali before it be em- 
ployed to precipitate the iron; for while the acid ſatu- 
rates the pure part of the alkali, it does not combine 
with that which is impregnated with colouring matter, 
and is capable of inſtantaneouſly forming fine Pruſſian 
blue. This phlogifticated alkali may be alſo ſaturated 
with bullock's blood, by digeſting it over Pruflian blue 
till it ceaſe to diſcolour ic: Macquer has recommend- 
ed this alkali, ſaturated with acid, as a good teſt for de. 
termining the preſence of iron in mineral waters : but 
M. Baume has obſerved, that this liquor itſelf contains 
a certain quantity of Pruſſian blue, by which it may oc- 
caſion miſtakes when applied to this purpoſe. He pro- 
poſes, therefore, to digeſt it for ſome time with a little 
vinegar, by a moderate heat, in order that it may depo- 
ſite the blue matter which it contains. Such were the 
reſults of Macquer's ingenious experiments on Pruſſian 
blue; but that celebrated chemiſt was himſelf very ſen- 
fible of what was wanting, more eſpecially to explain 
the nature of the colouring ſubſtance. He could not be 
perſuaded to conſider that ſubſtance as pure phlogiſton ; 
for he could not conceive how, as is pretended in this 
hypotheſis, iron, ſuperſaturated with the phlogiſtic prin- 
ciple, could all at once loſe both the property of obey- 
ing the attraction of the loadſtone, and that of being ſo- 
luble in acids, which, according to Stahl, this metal 
owes to its containing phlogiſton. M. de Morveau, in 
his excellent diſſertation on phlogiſton, has made the 
firſt attempt to determine the nature of the colouring 
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part of Pruſſian blue. He obtained, by diſtilling two 
drachms of this compound, twenty- two grains of a yel- 
low empyreumatic liquor, which efferveſced with alka- 
line carbonates, and communicated an high red colour 
to blue paper,” but has not been once mentioned by 
Geoffroy or Macquer, though they likewiſe diſtilled 
Pruſſian blue. | 

M. Sage, in the year 1772, ſent to the EleQoral Aca- 
demy of Mayence, a Memoir on phlogi/ticated alkali, in 
which he calls it animal ſalt. The lixivium of fixed 
alkali, treated with blood, and ſaturated by digeſtion 
on Pruſhan blue, as directed by Macquer, is, according 
to M. Sage, a neutral ſalt, formed by the animal acid 
with fixed alkali. It affords, by ſenſible evaporation, 
cubic cryſtals, either octohædral, or in priſms with four 
faces, terminating in pyramids having the fame num- 
ber of ſides. This ſalt decrepitates on coals: by a 
violent heat, it melts into a ſemi-tranſparent maſs, foluble 
in water, and proper for making Pruſſian blue. M. 
Sage thinks, that it is the phoſphoric acid which neu- 
tralizes the alkali in this neutral ſalt; becauſe, when the 
mixture of alkali with bullock's blood is made very 
hot, it melts, and exhales an. acrid vapour, attended with 
white brilliant ſparks, which, in his opinion, are nothing 
but phoſphorus in flame: This opinion concerning the 
nature of the acid of the Pruſſian alkali would be eſta- 
bliſhed as a certain truth, if, on the one hand, it afford- 
ed phoſphorus when diſtilled with coal, a phænome- 
non which in that caſe Pruſſian blue might likewiſe 
exhibit; and if, on the other hand, Pruſſian blue could 
be formed by combining phoſphate of potaſh, or ſoda, 


with a ſolution of iron, But, as M. Sage has given no 
experiments 
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experiments to this purpoſe in his Memoir, his theory 
cannot be admitted. _ am 

The chemiſts of the Academy of Nyon have, in their 
Elements, adopted a part of this laſt doctrine: They 
conſider the pblagiſticated lixivium as a neutral falt. 
They recommend cryſtallizing it by evaporation, in pre- 
ference to purifying it by vinegar, as has been propo- 
ſed by M. Baume, This ſalt, according to them, is very 
pure ; when caſt on nitre in fuſion, it cauſes it to de- 
tonize. They ſay nothing of its decompoſition, or the 
nature of its principles ; ; they call it at, Pruſ. 
ſian alkali, 

Bucquet, on precipitating with muriatic acid, and af. 
terwards filtrating a lixivium prepared for Pruſſian blue, 
obſerved, that the alkali, though apparently pure after 
this operation, and without any appearance of Pruſſian 
blue, yet depoſited a blue powder, After filtrating it 
above twenty times in the ſpace: of two years, in order 
to ſeparate the blue precipitated after each filtration, he 
at length found the liquor to be no longer capable of 
forming Pruſſian blue with the ſolution of ſulphate of 
iron. I have kept by me for more than eight years, a 
ſmall portion of this lixivium; during the two laſt of 
theſe years, it bas given no precipitate, but has depoſit- 
ed a light bluiſh coating on the ſides of the phial, and 
has maintained the ſame colour. I have had occaſion 
to oblerve this phænomenon twice ſince I heard Bucquet 
 meaition it in his lectures: and I believe it to be inva- 
riable The Puke de Chaulnes ſhowed Macquer a co- 
Touring lixivium, which, on being previouſly mixed with 
an acid, became incapable of affording Pruſſian blue. 
That chemiſt thinks, that the lixivium which exhibited 

this 
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this phænomenon muſt bave been prepared in metal 


veſſels. Bucquet concluded from the facts which he 
is above mentioned to have obſerved, 1. That the Pruſ- 
fan blue is entirely contained in the alkali employed 
to precipitate the ſulphate of iron: 2. That acids alone 
are ſufficient to ſeparate the alkali: 3. That when this 
alkali has, in the courſe of a certain time, depolited 
all the colouring matter which it contained, it is no 
longer fit for affording Pruſſian blue. 

The Fournal de Phyſique, - for the month of April 
1778, contains, obſervations on Pruſſian blue, by M. 
Baunach, apothegary at Metz, which contribute greatly 
to ſupport Bucquet's opinion. After deſcribing the 
proceſs of the German manufaQories for preparing 


Pruſſian blue, M. Baunach affirms, that the lixivium - 


prepared in thoſe manufactories by the fuſion of alkali, 
and the hoofs, horns, and hides of cattle, cauſes all me- 
tals, and even calcareous earth, to yield a blue precipi- 
tate. This alkali, after precipitating metals, diſſolves 


them ; and they may be ſeparated by the muriatic acid, 


when they will diſplay a very beautiful blue colour. 
The ſingular facts related in that Memoir, ſuch as the 
diſtillation of the Pruſſian blue produced by this lixi- 
vium, which affords neither oil nor ammogiac; the ſo- 
lubility of the blue precipitate formed when muriatic 
acid is poured on this lixivium in nitric acid; the cir- 
cumſtance of calcareous earth being found in the nitric 
acid which has deſtroyed the blue; and the exiſtence 
of a peculiar phlogiſticated earth in it which he could 
not diſſolve ; theſe facts, taken together, ſeem to ſuggeſt, 
that this blue is not of the ſame nature with that which 
is precipitated from the common phlogiſticated lixivium, 

which 
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which Maequer found to contain iron, and which can 
be produced;only from blood. 

Since theſe experiments on Pruſſian blue, Scheele has 
made a new ſeries of reſearches on the nature of this 
compoſition, which, together with ſome obſervations of 
which I have not yet ſpoken, throw much new light on 
its nature. 


1. Common Pruflian blue, diſtilled by 12506 fire, af. 


fords a very large quantity of hydrogenous gas, toge= 
ther with oil, ammoniacal carbonate, and a little acid 
phlegm: This gas burns with a blue colour, like that 
which riſes from marſhes; its ſmell is empyreumatic: 
lime-water communicates to it the property of burning 
with a red flame, and detonizing in the air, for it abſorbs 
from the lime-water part of its carbonic acid. M. de 


Laſſone has conſidered the gas of Pruſſian blue as a pe- 


culiar inflammable gas. Pruſſian blue, after this analy- 
fis, is in the form of a blackiſh powder, ſubject to the at- 
traction of the loadſtone. M. de Morveau has obſerved, 
that it becomes orange before taking this colour. He 
is even of opinion, that Pruſſian blue, converted by heat 
to orange, might be advantageouſly employed in paint- 
ing. 

2. Ammoniac heated above Pruſſian blue decompoſes 
it by ſeizing on the colouring matter, and leaving the 
iron in the ſtate of brown oxide. Macquer made this 
fact known in the year 1752. Meyer, following him, 
has given the name of 7inging liquor to this volatile alkali 
ſaturated with blue colouring matter, and recommends 
the uſe of it in analyſing mineral waters. I have obſer- 
ved, that when cauſtic ammoniac is diſtilled on Pruſſian 
blue, the liquor which paſſes does not give a blue colour 

to 
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to ſolutions of iron; from which it follows, that the co- 
louring matter is not ſo volatile as ammoniac. When 
only a part of this ſalt is extracted by diſtillation, the re- 
ſidue is of an olive green colour: on diluting it in diſ. 


tilled water, and filtrating the liquor, it is found to have 


impregnated the water with colouring matter; and it 
accordingly affords a very lively Pruſſian blue with ſul- 
phate of iron. 

3. In the year 1780, I diſcovered, that when lime-wa- 
ter is digeſted on Pruſſian blue, it diſſolves the colouring 
matter, if aſſiſted with a little heat. The combination is 
very rapid: the lime-water acquires a colour, and the 
Pruſſian blue takes the appearance of ruſt. This lime- 
water, when filtrated, is of a fine bright yellow colour ; 
It does not turn ſyrup of violets green; it has not an al- 
kaline taſte, and is not precipitated by the carbonic acid ; 
it does not combine with other acids: in a word, it is 
neutralized by the Pruſſian colouring matten; and when 
poured on a ſolution of ſulphate of iron, it affords a fine 
blue, which dots not need to be brightened by an acid. 


Scheele has mentioned this Pruſſian lime-water, without 


knowing any thing of my experiments ; notwithſtanding 
of my having given an account of the reſult in my Ele- 
ments of Chemiſtry, printed in the year 1781. He is of 
the ſame opinion with me, that this combination 1s the 
very beſt that has been propoſed for determining the pre- 
ſence of iron; becauſe it contains either none, or at leaſt 
very little, Pruſſian blue completely formed. 

5. The cauſtic fixed alkalis inſtantaneouſly deſtroy, in 
the cold, the colour of Pruſſian blue. I have obſer- 
ved that a pretty lively heat is produced on this occaſion 
that the alkalis, when pure, diſcolour much more Pruſ- 
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ſian blue, than when ſaturated with carbonic acid; and 
that they afford much more blue with ſolutions of i i 
when pure, than when carbonated. 

6. I found magneſia likewiſe to poſſeſs the property 
of diſcolouring Pruſſian blue, but not in ſo eminent a 
degree as lime. | 

7. Pruſſian blue in W if caſt on nitre in fuſion, 
produces ſome ſparks; from which we may infer, that 
it contains a combullible matter. 

8. Pruſſian blue, prepared without alum, becomes, in a 
high degree, ſubject to the attraction of the loadſtone, 
on being lightly calcined ; but common Pruſſian blue 
never acquires this property by the action of fire. 

9. Pruſſian blue diſcoloured by alkaline matters, and 
in the ſtate of oxide of iron, regains a part of its blue 
colour if an acid be poured into it. The cauſe of this 
phænomenon ſeems to be, that all the colouring matter 
has not been carried off by the firſt action of the alkalis; 
and a portion is {till retained | among the . of the 
oxide of iron. 

All theſe facts ſhow, that the colouring part of Pruſ- 
ſian blue acts as a peculiar acid, which ſaturates alkalis, 
thereby forming neutral ſalts. This is the opinion of a 
great many chemiſts, particularly of Scheele, whoſe re- 
ſearches on this matter I am now to give ſome account 
of. That celebrated chemiſt has ſhown by his experi- 
ments, 1. That the lixivium of blood, or phlogiſtica- 
ted alkali, is decompoſed by the carbonic acid of the 
atmoſphere; and that all other acids ſeparate from it the 
colouring part. 2. That this colouring part is fixed, 
and retained in the lixivium, by a ſmall quantity of pure 
iron, or ſulphate of iron. 3. That when it is diſengaged 
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by acids, by means of diſtillation, it fills the balloons with 
a vapour which makes ſolutions of iron to yield a blue 
precipitate. 4. That when Pruſſian blue, dr the lixivium 
of blood, is diſtilled entirely, it affords, together with 
the colouring matter, other products which alter this 
matter, ſuch as ſulphur; and that therefore the colour- 
ing matter cannot be obtained pure by this proceſs. F. 
That Pruſſian alkalis, diſtilled with ſulphuric acid, pre- 
cipitate a good deal of Pruſſian blue, and afford a liquor 
impregnated with the colouring matter: the blue preci- 
pitated in this operation depends on the iron diſſolved in 
theſe triple ſalts, or compounds of alkali, colouring mat- 
ter and iron. 6. That oxide of mercury, or red preci- 
pitate, carries off the colouring matter of Pruſſian blue 
by ebullition, in a quantity of water equal to twice the 


weight of the two ſubſtances ; and that by diſtilling this 


mercurial Pruffian lixivium with iron and ſulphuric acid, 
the iron reduces the mercury after the acid has diſenga- 
ged the colouring part : the colouring matter being dif- 
ſolved in the water of the receiver as faſt as it is diſenga- 
ged, retains a portion of ſulphuric acid; to ſeparate it, 
Scheele mixes a little chalk with the colour, and diſtils 
it by a moderate fire; the colouring matter then paſſes 
very pure into the receiver : and as it is diſengaged in 
the ſtate of an elaſtic fluid, according to what has been 
obſerved by M. Monge, it may be received and diffol- 
ved in water with the tubes and the apparatus which we 
have already repeatedly deſcribed. 

After theſe experiments on the affinities of the Pruſ- 
han colouring matter, its obſtinate adheſion to alkalis, 
and the means for obtaining it perfectly pure, Scheele, in 
a ſecond Memoir, examines into the nature of this ſub- 

ſtance, 


46 Of Iron. 
ſtance, and its combinations with alkalis and metallic 
oxides, Although his experitnents are numerous, and 
very accurate, Scheele does not prove in this Memoir 
that the Pruſſian cglouring matter is a peculiar acid : On 
the contrary, he endeavours to ſhow, that it contains in- 
flammable gas, ammoniac, and a carbonaceous principle, 
He acknowledges, however, that it renders a ſolution of 
ſoap turbid, and precipitates hepars, or alkaline ſulphures; 
and, in aletter to M. Crell, he calls it the colouring acid, 
We give this ſubſtance the name of the Pruſſic acid, and 
call its ſaline combinations Pruſſiates of potafh, ſoda, 
ammoniac, &c. In a note by the tranſlator of, Scheele, 
this acid is ſaid to be decompoſable by the acid of nitre; 
and #proceſs of M. Weſtrumb's is likewiſe given for ob- 
taining Pruſſiate of potaſh very pure. It conſiſts in ſa- 
turating cauſtic potaſh with colouring matter, digeſting 
it over white lead, to purify it from any hepatic gas which 
it may contain, mixing it with, diſtilled vinegar, expo- 
ſing it to the ſun, as directed by M. Scopoli and Father 
Bercia, in order to precipitate. the iron entirely, and add- 
ing to it two parts of reQtified alcohol. The Pruſſiate of 
potaſh is then depoſited in bright lamellated flakes, waſh- 
ed with a new quantity of ſpirit of wine, dried, and dif- 
ſolved in diſtilled water. Dr Crell ſays, that Scheele ſent 
him, three months after M. Weſtrumb, an analagous 
proceſs for obtaining.a teſt liquor, the purity of which 
might be depended upon, to aſcertain the preſence of iron 
on any occaſion. 

The Pruſſic acid, or the colouring matter of Pruſſian 
blue, has likewiſe engaged M. Berthollet's attention, who 
has made ſtill later experiments upon it than any of the 


above-mentioned chemiſts. Though this able philoſo- 
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pher is not yet fully ſatisfied with his reſearches on this 
matter, they contain, however, a good many new facts 
and experiments, of ſuch conſequence as to render it 
proper for us to give here an extract from his Memoir, 
which he has obligingly communicated. 

M. Berthollet firſt obſerves, that there are two kinds 
of Pruſſiate of iron; the one common Pruſſian blue, the 
other Pruſſian blue that has loſt a part of the acid which 
it poſſeſſes in its ordinary ſtate. The laſt of theſe he calls 
Pruſſiate of iron with exceſs of oxide. Pruſſian blue is in 
this ſtate, after being diſcoloured by an alkali. To ſepa- 
rate this exceſs of oxide, he employs the muriatic acid, 
which diſſolves it, leaving the Pruſſiate of iron in a neu- 
tral ſtate. He obſerves, with M. Landriani, that when 
alkali is digeſted hot on Pruſſian blue, the alkaline Pruſ- 
ſiate then formed, diſſolves more oxide of iron than if 
the digeſtion had been performed with cold. Both of theſe 
chemiſts are of opinion, that an acid added to this triple 
combination combines with the exceſs of oxide of iron, 
and produces a precipitate of Pruſſian blue, juſt as when 
Pruſſiate of potaſh is mixed with a ſolution of iron. They 
ſay alſo, that heat cauſes this combination to yield a yel- 
low Pruſſiate of iron, that is, with exceſs of oxide of 
iron. According to them, the acid added ſeizes the ex- 
ceſs of oxide of iron, and the Pruſſian blue becoming 


then leſs ſoluble in the alkaline Pruſſiate, is of conſe- 


quence precipitated. When the Pruſſiate of potaſh, pre- 
pared by a moderate heat, has depoſited the Pruſſiate of 


iron with exceſs of oxide of iron, by ebullition, it may 
then be evaporated to dryneſs, diſſolved again in water 


and mixed with acids ; but will not, by any of theſe ex- 
pedients, be brought to depoſite Pruſſian blue, M. Ber- 
thollet 


thollet ſays, that by evaporating the ſolution of Pruſſiate 
of potaſh thus purified, octahædral cryſtals are obtained 
with two pyramids truncated, ſo as to repreſent ſquare 
plates with their edges cut ſloping. 

This chemiſt, on mixing a ſolution of theſe cryſtals 
with ſulphuric acid, and expoſing the mixture in a phial 
to the rays of the ſun, obſerved, that in a ſhort time a 
blue colouring matter began to appear, and was pra: 
dually precipitated till the mixture was entirely decotn- 
poſed.” A mixture of the ſame kind, preſerved in a dark 
place, does not become blue, nor yield a precipitate, 
eren though ſuffeted to ſtand untouched for a numbet 
of months. A ſtrong heat produces abfolutely the fame 
effect. From theſe experiments, M. Berthollet ſhows 
how inaccurate the principles on which the proceſſes re. 
commended for purifying alkaline Pruſſiates were found. 
ed. For, fays he, inſtead of purifying them of a portion 
of Pruſſian blue, which chemiſts pretended to be only 
actidentally mixed in them, they decompoſed moſt part 
of the matter which they attempted to purify. As Pruſ- 
fiate of poraſh is a triple falt, the Pruffic acid has but a 
very faint diſpoſition to adhere with potaſh, and may be 
ſeparated from it by any other acid. When the extra- 
neous acid combines with the potaſh, one part of the 
Pruffic acid combines with the oxide of iron, to form 
Pruſſian blue, and the other is either volatilized in the 
the ſtate of acid, or reduced to its principles. 

The iron precipitated by alkaline Pruſſiates retains, 
according to M. Berthollet, no {mall portion of thoſe 
ſalts; by repeating waſhing, it may be purified of them: 
theſe lixiviums contain alkalis combined with a ſmall 


portion of Pruſſic acid; and the Pruſſiates with exceſs of 
alkali 
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alkali are not ſeparated till after the exceſs of acid con- 
tained in the ſolution of iron is carried off by the firſt 
waſhings ; for the latter waſhings precipitate the iron in 
the ſtare of blue from its ſolutions, which the firſt do 


not. 

The only diſcernible difference which he has found 
between Pruſſiate of potaſh and Pruſſiate of ſoda is, that 
the latter cryſtallizes differently from the former. Mi- 
neral acids diſengage the Pruſſic acid, which is in part 
fixed in the Pruſſian blue that is precipitated. This led 
Scheele to think of another combination, from which he 
might, with greater facility, obtain this acid pure, on 
which M. Berthollet has made ſome obſervations. This 
proceſs, as we have already mentioned, conſiſts in boil- 
ing red oxide of mercury with Pruſſian blue and diſtil- 
led water. The Pruſſic acid then forſakes the oxide of 
iron, to unite with the oxide of mercury, with which it 
has a ſtronger affinity, and forms a ſoluble ſalt, which 
cryſtallizes in tetrahædral priſms, terminating in quad- 
rangular pyramids, the fides of which correſpond to thoſe 
of the priſms. To this lixivium, after filtrating it, iron 
and concentrated ſulphuric acid are to be added ; the 
iron unites with the oxigene of the mercury, and after- 
wards combines with the ſulphuric acid; the mercury is 
preciptated in a metallic ſtate, as appears from its luſtre. 
Scheele next diſtilled this mixture by a moderate heat, 
that he might volatilize only the Pruſſic acid; but he obſer- 
ved, that, however moderate the heat which he employed, 
the Pruſſic was always mixed with a little ſulphuric acid. 
To prevent this, he added to the mixture a certain quan- 
tity of chalk, to fix the ſulphuric acid. Concerning this 
adaition, M. Berthollet has obſerved, that, as Scheele 

Vor. III. D. has 
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has not ſpecified the quantity, this operation might very 
eaſily miſcarry, if the chalk were ever ſo little above 
what is ſufficient to ſaturate the ſulphuric acid : for cal. 
careous Pruſſiate muſt then be formed, which, by the 
law of double affinities, would decompoſe the ſulphate 
of iron. | 

M. Berthollet has obſerved, that the ſulphuric acid 
diſengages but a ſmall portion of acid from Pruſſiate of 
mercury; and that it combines with the greateſt part of 
that ſalt, without decompoſing it, thus forming a triple 
falt, which cryſtallizes in ſmall needles. According to 
his experiments, the muriatic acid diſengages more of 
the acid of Pruſſiate of mercury than the ſulphuric acid 
does; forming, like it, a triple falt cryſtallizable in 
needles, and much more ſoluble than corroſive mercu- 
rial muriate. Alkalis and lime cauſe this triple ſalt to 
yield a white precipitate. M. Berthollet proves, that al 
kaline Pruſſiates do not precipitate barytes from its ſo- 
lutions, as Bergman thought, but join with the ſolution 
to ferm triple ſalts: he ſhows that they precipitate alu- 
minous earth. The precipitate which they form with 
this ſubſtance ſuffers: no alteration from the ſulphuric 
acid ; but when digeſted with ſulphate of iron, it forms 
Pruſſian blue. 

The Pruſſic acid decompoſes the oxigenated muriatic 
acid, and by obſorbing its oxigene, becomes odorous. 
In this ſtate it does not ſeem to have any great tenden- 
cy to unite with alkaline ſubſtances ; for they ſcarce 
render its ſmell weaker. It no longer cauſes ſolu- 
tions of iron to yield a blue, but a green precipr 
tate. The contact of the rays of the ſun renders it blue 


again; iron and ſulphureous acid produce the ſame ef- 
2 fe 
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fect upon it. The ſame phænomena appear when oxi- 
genated muriatic acid, ſulphate of iron, and Pruſſiate of 
potaſh, are mixed together. M. Berthollet concludes 
from this, that Pruſſian blue is liable to no alteration, ei- 
ther from light or from the ſulpureous acid, and that it 
owes its green colour, ſolubility in acids, &c. to its ha- 
ving abſorbed oxigene. | 
If the Pruflic acid be ſuperſaturated with oxigenated 
muriatic acid, and after that expoſed to the rays of light, 
it aſſumes new charaQeriſtic properties. It no longer 
combines either with oxide of iron, or with water ; but 
is found precipitated to the bottom of either of theſe 
liquors, in the form of oil, with an aromatic ſmell. If more 
oxigene be added to it when in this ſtate, and it be 
now let expoſed to the ſun, it cryſtallizes in ſmall white 
needles. This acid, thus oxigenated, is reduced to va- 
pours by a moderate heat; theſe vapdurs are neither ſo. 
luble in water nor combuſtible. M. Berthollet has not 
yet been able to determine what paſſes in this operation. 
Is the Pruſſic acid ſimply united with oxigene, without 
ſuffering any alteration ? or 1s there one of its principles 
burnt? 1 am rather inclined to agree with him in adopt- 
ing the laſt of theſe ideas : For though oxigene appears 
to adhere but feebly to the Pruſſie acid, yet the Pruſſic 
acid can no longer be reſtored to its original ſtate, after 
being treated in this manner with the oxigenated muria- 
tic acid, | 
The Pruflic acid prepared for forming a green preci- 
pitate with iron, by means of the oxigenated muriatic 
acid, forms ammoniac whenever lime or an alkali is mix- 
ed with it. Though an acid be poured into this laſt mix- 
ture, yet it does not regain the peculiar odour of the 
D 2 Pruſſic 
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Pruſſic acid; from which M. Berthollet concludes it to 
have been deſtroyed by the mixture of the alkaline, or 
calcareous ſubſtance. - Although the potaſh employed 


were perfectly pure, yet an acid poured in after it, {i 
produces an efterveſcence, and diſengages carbonic a. 
cid. : de 
From all theſe experiments, M. Berthollet concludes, W 
chat azote, hydrogene, and the pure coaly principle, ch 
combined in proportions, and condenſed to a degree ſu 
ſtill unknown, form what is called the Pruffc acid. ac 
The knowledge of this compoſition enables us to un- ni 
derſtand how the Pruflic acid comes to be formed in thi 
animal matters, in certain vegetable ſubſtances, and in be 
ammoniacal muriate contaminated with charcoal. It an 
explains likewiſe the reaſon why this acid is ſo combu- thi 
ſtible, and detonizes with ſuch force with various ni- nit 
trates, why it affords ammoniacal carbonate by diſtilla- ſca 
tion, and why the ſame ſalt is formed in it on the ad- wh 
dition of oxigenated muriatic acid. M. Berthollet doubts ſwi 
if this ſingular combination contains oxigene. At leaſt, der 
ſays he, if the Pruſſic acid do contain oxigene, it con- cor 
tains ſo very little, that the carbonaceous matter is not ¶ paſſ 
entirely reduced by it to carbonic acid; for Pruſſian Wl wh: 
blue affords, by diſtillation, a good deal of carbonated BF ſpec 
hydrogenous gas. a ſt 
Such are the facts diſcovered by M. Berthollet. By pou 
aſcertaining the nature of the colouring matter of Pruſſian Wl fore 
blue, he has proved it not to be a genuine acid, how- W not! 
ever it may act as an acid in all its combinations: M. tion 
Veſtrumb and M. Ilaſſenfratz have found in Pruſ- 1 
ſian blue a little phoſphoric acid. But the laſt of theſe WM liqu; 
gentlemen ſhows that acid not to be eſſential to its na- Glai 


ture. 
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to ture. M. Vaquelin and I have lately diſcovered, that 
or the Pruflic acid is obtained by diſtilling the urinary 
ed calculus, and by treating many vegetable and animal 
it, ſubſtances with the nitric acid. 


Sulphate of iron very eaſily decompoſes nitre. The 
decompoſition is partly owing to the ſulphuric acid, 
which by combining with the alkali of the nitre, expels 


es, 
le, the nitric acid; but it is likewiſe owing in a great mea- 
ree ſure to the re- action of the iron on the laſt mentioned 
cid, acid. If the ſulphate of iron employed to decompoſe 
un- nitre be ſcarcely dry, a large quantity of nitrous acid is 
| in then obtained, very red and fuming : the reſidue, on 
in being lixiviated, affords ſulphate of potaſh, fixed alkali, 
lt and red oxide of iron, remaining on the filters. But if 
bu- the ſulphate of iron have been well calcined, and the 
ni- nitre melted, the product obtained will then be very 
la- ſcanty. This product conſiſts of two liquors ; one of 
ad. which being of a dark colour, almoſt black indeed, 
ibts ſwims on the ſurface of the other, which is red and pon- 
alt, derous, like oil above water. Accordingly, M. Baume 
on- conſiders this liquor as a kind of oil. There afterwards 
not Wl paſles into the neck of the retort a white ſaline maſs, 
han which attracts the moiſture of the atmoſphere, and is 
ted ſpeedily diſſolved in water with heat, exhaling at the time 
a ſtrong ſmell of ſpirit of nitre, and very thick red va- 
By WF pours. This ſolution, when ſaturated with 'potaſh, af- 
han Wi fords ſulphate of potaſh. The white maſs is therefore 
o.. nothing but ſulphuric acid, rendered concrete by a por- 
M. BY tion of nitrous gas. 


There appears to be no difference between the heavy 
liquor in the balloon, and ſpirit of nitre obtained in 
Glauber's way. But the light liquor that ſwims above, 
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on being mixed with ſulphuric acid, produces a lively 
efferveſcence, and even a dangerous exploſion. Almoſt 
the whole of the nitrous acid is diſſipated, and the ſul. 
phuric acid takes a concrete cryſtalline form. Bucquet, 
who communicated this diſcovery to the Academy, 
had at firſt obſerved, that this concrete acid, obtained 
by diſtillation, exhales red nitrous vapours when diſſol. 
ved in water. He inferred, that the ſolidity of the acid 
muſt be owing to its containing nitrous gas. But to 
determine this with greater certainty, he attempted to 
mix the blackiſh brown nitrous acid, which ſwim 
above the red, with ſulphuric acid highly concentra- 
ted. But at the very inſtant of the mixture, ſo rapid a 
motion took place, that the ſpirit of nitre poured on the 
ſulphuric acid was expelled with noiſe to a great di- 
ſtance ; and the perſon who made the mixture was co- 
vered all over with ſulphuric acid; and there imme- 
diately appeared on his countenance a great many red 
inflamed pimples, which ſuppurated like the ſmall-pox, 
The ſulphuric acid became ſoon after concrete, precile- 
ly like that obtained by diſtillation, of which we have 
given the hiſtory. From this fact, it appears, that this 
acid may be rendered concrete, as well by nitrous as by 
ſulphureous gas. 

The reſidue remaining after the diſtillation of nitre by 
ſulphate of iron calcined to redneſs, is nothing but ſcoriz 
of iron, from which but very little — of potaſh can 
be extracted by waſhing. 

The ſolution of ſulphate of iron ſuffers no alteration 
from hydrogenous gas. But though the baſe of this 
elaſtic fluid appears to have leſs affinity than iron with 
oxigene, as has been ſhown in the hiſtory of the decom» 
| poſition 
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poſition of water; yet M. Monnet has obſerved, that 
hepatic gas communicates to ſulphuric mother. water 
the property of affording cryſtals : And Dr. Prieſtley has 
reduced brown oxides of iron by the contact of hydro- 
genous gas. Theſe facts do not contradict our doc- 
trine: they rather confirm it. In fact, iron may be 
deprived of whatever oxigene it contains above the pro- 
portion of 0,28 by the action of hydrogene ; but this 
proportion it obſtinately retains, however attacked by 
that principle. Such is the reaſon why, in theſe inſtan- 
ces of reduction, nothing is ever obtained but a black 
oxide, or martial Æthiops, and why iron oxidated by 
water is always black. | 

Alkaline ſulphures precipitate ſulphate of iron with a 
blackiſh colour. This precipitate is a kind of martial 
pyrites, or ſulphure of iron. | 

The nitric acid is rapidly decompoſed by iron, which 
diſengages from it a good deal of nitrous gas, eſpecial- 
ly if the acid employed be concentrated, and the iron in 
a ſtate of diviſion, The metal is ſpeedily calcined by 
the oxigene which it attracts from the acid of nitre ; the 


ſolution is of a brown red colour ; at the end of a cer- 


tain time it is found to have depoſited oxide of iron, 
eſpecially if it have been expoſed to the contact of air. 
On immerſing into it a new quantity of iron, the acid, 
as has been obſerved by Stahl, diſſolves it, and the 
oxide of iron, which it held in ſolution, is inſtantaneouſly 
precipitated, Yet by employing weak nitric acid and 
iron in ſmall pieces, a more permanent ſolution may be 
obtained, in which the metal adheres with more obſti- 
nacy to the acid. This laſt combination is greeniſh, 
and ſometimes of a bright yellow colour. Both theſe 

D 4 ſolutions, 
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ſolutions, when evaporated, become turbid, and depoſite 
a brown red martial ochre. But if the latter be highly 
concentrated, inſtead of affording cryſtals, it takes the 
conſiſtency of a reddiſn jelly, in part ſoluble in water; 
the greateſt part, however, being precipitated on ſuch an 
occaſion. On continuing to heat nitrate of iron, it 
gives out a good deal of red vapours ; and the magma, 
becoming dry, affords a brick. coloured oxide. This 


magma, when diſtilled in a retort, affords a ſmall quan- 


tity of fuming nitrous acid, a good deal of nitrous gas, 
and ſome azotic gas. There can be no vital air obtain- 
ed from it, becauſe the iron retains all the oxigene of 
the acid. The oxide which remains aſter the diſtilla- 
tion of nitrate of iron is of a lively red colour, and 
would make a fine colouring matter for painters, &c. 
The nitrous ſolution of iron, however highly ſaturated, 
has never, on any occaſion, appeared to me liable to 
be precipitated by diſtilled water. The alkalis decom- 
poſe it with phizenomena diverſified according to their 
different natures. Cauſtic potaſh makes it yield a bright 
brown precipitate : the mixture aſſumes very ſpeedily 
| a blackiſh brown colour, much deeper than that of the 
former ſolution. The cauſe of this phænomena is, that 
a portion, though a very ſmall one indeed, of the pre- 
cipitate is diſſolved by the alkali. Carbonate of potaſh 
ſeparates from it a vellowith oxide, which very ſoon 
takes a beautiful orange red colour, If this mixture 
be ſtirred in proportion as the efferveſcence takes place, 
the precipitate is again diſſolved in much greater abun- 
dance than in that which is produced by cauſtic potafh. 
M. Monnet has accurately obterved this phænomenon, 
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diſengaged. This ſolution of iron by fixed alkali bears 
the name of SzahPs-alkaling martial tindture. Its colour is 


a very beautiful red. M. Baume adviſes to, prepare it 


with a nitrous ſolution of iron, containing but a ſmall 
portion of the metal. Stahl, again, recommended an 
highly ſaturated ſolution. M. Monnet has obſerved, 
that a yellow ſolution affords%a copious precipitate, 
which is ſcarce diſſolved again in alkali, and goes not 


colour it like martial tincture; whereas a very red ſolu- 


tion inſtantaneouſly forms a martial tincture with the 
ſame alkali. Stahl's martial tincture loſes its colour in 
a certain time, and depoſites the oxide of iron which it 
contains. It may be decompoſed with the help of an 
acid. The acid of nitre ſeparates from it a red brick- 
coloured oxide, which is ſoluble in acids, and is called 
Stabl's aperient ſaffron of Mars. Pure or cauſtic ammo- 
niac cauſes the nitric ſolution of iron to yield an almoſt 
blackiſh deep green precipitate. Ammoniacal carbo- 
nate diſſolves again the iron which it ſeparates from 
the acid, and takes a red colour ſtill more lively than 
that of Stahl's tindture. This ſolution of iron by am- 
moniacal carbonate, might be of great uſe in caſes in 
which there is need both of a powerful tonic and an ac- 
tive diſcuſlive. 

[ have never been able to obtain more than a very 
{mall quantity of genuine Pruſſian blue from the red, 
ſaturated, nitric ſolution of iron, by alkali ſaturated 
with the colouring matter of that compoſition. I could 
never obtain any thing but a blackiſh precipitate, liable 
to be again diſſolved by the muriatic acid: the liquor, 
on this laſt event, aſſumed a green colour. 

M. Maret, ſecretary to the Academy of Dijon, has 
ſent to the Royal Society of Medicine, a proceſs for ma- 


King 
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king martial Athiops very quickly. It conſiſts in pre. 
cipitating the nitric ſolution of iron by cauſtic ammo. 
niac, and in waſhing and drying the precipitate with. 
out loſs of time, M. d'Arcet, who was employed by 
the Society to examine M. Maret's proceſs,” did not 
uniformly obtain the Tame. reſult, In my Memoirs on 
Precipitates of Iron, Ichave determined in what caſes 
M. Maret's proceſs muſt ſucceed, and when it is likely 


to fail. To obtain this Ethiops, it is requiſite, 1. That 
the ſolution of iron have been lately formed, and that 
very ſlowiy, of weak nitric acid, and iron ſomewhat 
divided, both cold. 2. That the ammoniac be recently j 
prepared, very cauſtic, and, above all, have loſt, by 8 
ſtanding undiſturbed for ſome time, the ſmall portion of 
calcareous earth, and blackiſh combuſtible matters, 0 
which it uſually carries up from the ſal ammoniac and 1 
lime, if it be not extracted in Woulfe's apparatus. 1 


3. That the precipitate be inſtantly ſeparated from the fo 
liquor, and ſpeedily dried in cloſe veſſels. Even when 


all theſe precautions are carefully taken, the precipitate 4 
is ſometimes not very black, but rather of a light brown 15 
colour. It riſes in ſcales, the under ſurface of which * 
is blackiſh ; a circumſtance which proves, that the con- for 


tact of air lightly ruſts its upper ſurface. I have ob- R 


tained a more beautiful and permanent Athiops, by pre- 
cipitating muriatic and acetous ſolutions of iron with the 
fixed alkali and cauſtic ammoniac ; waſhing theſe pre. the 
cipitates ſufficiently, and then drying them ſpeedily in 


me; 
cloſe veſſels. Yet I am of opinion, that theſe Athiops, thai 
however pure they may be ſuppoſed to be, till retain A 
a ſmall portion of their precipitants and firſt ſolvents; 5 


as has been obſerved by M. Bayen of the precipitates of 


mercury; and they cannot therefore be employed in 
medicine 
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medicine with ſo much certainty as thoſe which I have 


e- 
0. above mentioned. M. d*Arcet, in his Report to the 
h- 


Royal Society of Medicine concerning M. Maret's pro- 
ceſs, has communicated a proceſs of M. Crohare's, for 
making mariial Aithiops. This apothecary, who is 
known by a number of judicious chemical operations, 
prepares martial Aithiops by boiling water acidulated 
with a little nitric acid, upon iron filings. The metal 
is immediately. flightly oxidated, and affords a good 
deal of black oxide, or martial Aithiops. But in my opi- 


hat nion, M. Joſſe's proceſs is preferable to all of theſe ; 
tly it is eaſily performed, and is attended with no dan- 
by ger. * 

| of As iron is often uſed in procuring nitrous gas, it can- 
5 not be improper to obſerve here, that the nature of this 
1 


gas is never preciſely the ſame on two occaſions ; it va- 
ries amazingly, according as the circumſtances of the 
ſolution are diverſified, as the acid contains more or leſs 
azote and oxigene, as the iron is more or leſs diſpoſed 
to abſorb oxigene, as the temperature of the matters 
is hotter or colder, &c. Gas prepared by this proceſs 
generally contains more or leſs azote ; for,as iron ab- 
ſorbs a greater proportion of oxigene than moſt other 
bodies, and abſorbs different quantities of it, according 
as it is more or leſs completely in a metallic ſtate, 
the effects of nitrous gas diſengaged by this metal are 
therefore more or leſs uncertain in eudiometric experi- 
ments. This truth, which is applicable to all bodies 
that ſeparate nitrous gas from the acid of nitre, ſhows 
bow little the eſſays of eudiometers with nitrous gas 
are to be depended upon. Alkaline ſulphures are there- 
fore 
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fore greatly preferable as teſts for determining the pu. 
Tity of air. 

The muriatic acid diluted in water diſſolves iron ra- 
pidly. A large quantity of hydrogenous gas is diſen- 
gaged from this ſolution, the production of which muſt 
be owing to the decompoſition of the water, in the ſame 
manner as when the metal is diffolved in the ſulphuric 
acid. The hydrogenous gas produced by the action 
of iron on the muriatic acid, was formerly thought to 
be different in nature from that which is diſengaged 
from the ſulphuric ſolution of iron. This elaſtic fluid 
was then thought to be one of the principles of the mu- 
riatic acid. But ſince the diſcovery of the decompoſi. 
tion of water by iron, it has been proved, that the 
water, and not the muriatic acid, the nature of which 
is {till unknown, gives riſe to the hydrogenous gas dif. 
engaged from the muriatic ſolution of iron; for the 
acid remains undiminiſhed and unaltered after the ex- 
halation of this gas, and the ſame quantity of alkali is 
neceſlary to ſaturate it which it would have been required 
before. This ſolution of iron by the muriatic acid pro- 
duces a conſiderable heat; which continues to be felt 
till the acid be ſaturated : a portion of the iron is pre- 
cipitated in real Aithiops, in this as well as in all its 
other ſolutions. When filtrated, it is of a green colour, 
inclining to yellow: It is much more permanent than 
either of the two former; when incloſed in a phial 
properly ſtopped, it depoſites no oxide. I have kept 
by me ſome of it for eight years; in all which time it 
has depoſited nothing but a very light pale yellow dull. 
But, again, when it is left expoſed to the air, it depo- 


Gtes in a few weeks almoſt all the iron that it contains; 
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and the more it has been brought into contact with air, 
the brighter is the colour of the precipitate. It is at 
preſent known as a certain fact, that this precipitation, 
which is in the ſame manner produced in all the other 
ſolutions of iron, is owing to the metal abſorbing the 
oxigene of the atmoſphere ;- as I conjectured, and ſug- 
geſted to the public in the year 1777. (See my Memoirs 
on Chemiſtry.) 

Stahl announced to the world, that in the combina- 
tion of iron with the muriatic acid, the muriatic ac- 
quired the characteriſtic properties of the nitric acid. 
But this fact has not been obſerved by any other che- 
miſt, It appears that Stahl attended only to the yellow 
colour of this ſolution, and the ſmell which it diffuſes ; 
a ſmell in fact but little different from that of ſpirit of 
{alt, and much the ſame as that of the oxigenated mu- 
riatic acid. 

The ſolution of iron by the muriatic acid does not 
cryſtallize regularly when evaporated. M. Monnet has 
oblerved, that if left to cool, when its conſiſtency is that 
of a ſyrup, it forms a kind of magma, in which flat 
needled cryſtals are obſerved, which are liable to deli- 
quiate. This magma melts by a very moderate heat; 
when a ſtronger heat is applied, it is decompoſed, but 
not ſo eaſily as nitrate of iron; and when dry, it takes 
the colour of ruſt. 'There is diſengaged from it a por- 
tion of muriatic acid, which may be obtained by di- 
ſtillation; and which, as has been remarked by Brandt, 
carries off with it a little oxide of iron. 

The Duke d' Ayen, in four excellent Memoirs on the 
combinations of iron with acids, which he has given 


the Academy, has entered into a minute examination 
| of 
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of what paſſes when muriate of iron is decompoſed in 
a retort. He obtained from this operation very ſingu- 
lar products; He firſt obtained, by a moderate heat, 
a phlegm flightly acidulated : the muriatic acid was 
then concentrated ; and its gas, though much more 
volatile than water, was in part fixed by the iron. By 
a much ſtronger hear, a part of the acid was volatilized 
with a little iron, and ſome cryſtals, not diſpoſed to de- 
liquiate, were formed 1n the balloon. At the ſame time, 
there were ſublimed to the upper part of the retort, a 
number of very tranſparent cryſtals, reſembling razor. 
blades, which decompoſed the light like the moſt beau- 
ful priſms, diſplaying very beautiful ſhades of red, yel. 
low, green, and blue. There remained at the bottom 
of the retort a ſtiptic, deliquiating falt, of a brilliant 


colour and a foliated form, preciſely like that ſpecies . 
of tale in large plates, which is improperly called Mu- an 
covy glaſs. This laſt ſalt, when expoſed to a violent * 
heat in a ſtone retort, was decompoſed, and afforded BW gu 
a ſublimated product of a ſtill more ſurpriſing nature Th 
than any of the former products. It was an opaque pre 
matter, truly metallic in its nature, and when examined tha 
by the microſcope, it exhibited regular cryſtals, or ſec- phu 


tions of hexagonal priſms, which the Duke d' Ayen com. 
pares to the ſquare pieces of wood uſed in flooring kali 


rooms. Thoſe cryſtals were as brilliant as the belt po. by 
liſhed ſteel, and equally ſubje& to the attraction of the 
loadſtone; this was iron partly reduced and ſublima- 
ted“. Art ſeems, in this inſtance, to effect an imitation 2. 


of 


* I have in my cabinet a black iron ore, with ſmall and very bri 
liant lamiræ, half a line in breadth, the form of which nearly reſemble 
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of nature, which ſublimes black oxides of iron by the 
fire of volcanoes, in the form of bright poliſhed plates 
like Steel. Such at leaſt appears to be the origin of the 
ſpecular iron of Mont d'Or and of Volvic; which, ac- 
cording to the accurate obſervations of M, de PArbre, 
phyſician at Riom, is always found in the chinks of lavas. 

From theſe particulars, it appears what ſingular phæ- 
nomena the ſcience of chemiſtry offers to our obſerva- 


as ſhall purſue a train of experiments with the accuracy 
and perſeverance of the Duke d' Ayen. Let it not eſcape 
us, that this reduction of iron favours the doctrine of 
gaſes, and that ſimilar products might perhaps be ob- 
tained by the ſame proceſs from many other ſolutions 
of metals. 

The muriatie ſolution of iron is decompoſed by lime 
and alkalis, like all martial ſolutions ; but theſe precipi- 
tates are not ſo much altered, and may be very eaſily re- 
duced, eſpecially ſuch as are produced by cauſtic alkalis. 
have already obſerved, that this combination affords by 
precipitation the pureſt Æthiops, or black oxide of iron, 
that can poſſibly be obtained. Alkaline ſulphures, ſul- 
phurated hydrogenous gas, and aſtringents, decompoſe 
this ſolution as well as the other two: laſtly, Pruſſian al- 
kalis, or alkaline Pruſſiates, cauſe it to yield a very 


beautiful blue precipitate. 
Water 


that of the cryſlals obtained by the Duke d' Ayen. They are very 
thin ſmall ſcales, of a very ſparkling grey iron- colour, diſpoſed ſlope 
wiſe, ſo as to interſe& each other in all directions, and diſperſed in a 
reddiſh opaque quartz, or a kind of coarſe jaſper. This beautiful ſpeci- 
men comes from Lorraine, The iron of Framont is of the ſame na- 
ture, F. 


tion, and what valuable diſcoveries it promiſes to ſuch 
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Water impreznatedwith carbonic acid eaſily diſſolyes 


iron ; all that is' neceſſary in order to accompliſh this 4 
combination is to put iron filings into the acidulated li. 
quid, and to leave the mixture to digeſt during a few a 
hours. This liquor, aſter being filtrated, has a pungent, : 
and ſomewhat ſtiptic taſte. Meſſrs Lane and Rouelle T 
have obſerved the carbonic acid to poſſeſs this property, 
Bergman calls this combination aerated iron, and fays, 7 
that when expoſed to the open air it acquires a rainbow. Wi i 
coloured pellicle; that it is decompoſable by pure alka. 
lis: but that alkalis ſaturated with carbonic acid produce 
not the ſame effect upon it. This ſolution gives a green C 
tinge to ſyrup of voilets, and affords with calcareous Prul. f 
ſiate-a very brilliant Pruſſian blue. When expoſed toe 
the air, or heated, it precipitates brown oxide of iron, 0! 
The name which we give to this combination is carbonate * 
of iron. Iron has a ſtrong tendency to combine wih! 
the carbonic acid. In nature we often find it in this ſe 
ſtate. Muddy iron ores and ſparry iron appear to conſil ch 
moltly of this combination. Ferruginous mineral wa- ac 
ters often contain iron in the {tate of carbonate of iron. 
This ſalt, when ſeparated from the water, and dried, i 
ſcarce ſoluble in that fluid. But it diſſolves plentifully dr 
in liquid carbonic acid; ſubſiding, however, in a precipi- i fal 
tete when the acid is volatilized. We know not in| chi 
what manner the fluoric and the boracic acids act upon cu 
iron. | | 
This metal very readily decompoſes ſulphuric falts, 
particularly ſulphate of potaſh or ſoda. I have treated > 
theſe ſalts with iron in a crucible, and have found them 2 
reduced by ſuch treatment to the ſtate of ſulphures prof 
The lixivium of a ſulphure of this Kind is of a very deep WW «xp: 
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green colour. A few drops of acid very ſpeedily deſtroy 
he colour of this metallic tincture. The greateſt part 
of the iron, oxidated by the oxigene of the ſulphuric a- 
cid, remains undiflalved in the water of the lixivium ; 
and acids diſengage from it a large quantity of ſulphu- 
rated hydrogenous gas. 

Iron cauſes nitre to detonize. On throwing into a 
red-hot crucible a mixture conſiſting of equal parts of 


iron filings and dry nitre, in a certain time a very rapid 


motion is excited, and a great many bright ſparks fly 
out of the crucible, When the detonation is over, the 
crucible contains a reddiſh oxide of iron, of which a 
ſmall part is combined with the alkali ; when this mat- 
ter is waſhed, the water diſſolves the alkali, and the 
oxide of iron remains on the filter. This oxide was for- 
merly called Zwelſer's ſaffron of Mars. It is of a reddiſh 
yellow colour, and is ſcarce ſoluble in acids. The alkali 
ſeparated from it by waſhing is cauſtic, according to moſt 
chemiſts ; for it is generally thought that metallic oxides 
act like pure lime on this ſalt, thus ſaturated with 
carbonic acid “. 

Iron eaſily decompoſes ammoniacal muriate. Two 
drachms of iron filings, triturated with a drachm of this 
ſalt, give out ammoniac gas. Bucquet, who diſtilled 
this mixture in a pneumato- chemical apparatus with mer- 
cury, obtained from it fifty-four cubic inches of acriform 

Vor. III. E fluid; 


* It is to be obſerved, that ſince Black's Theory, concerning the 
caulticity of lime and alkalis, has been received, the proper experiments 
have not yet been made to determine whether metallic oxides and lime, 
properly ſo called, agree in their phznomena in this reſpect. And, till 
experiment determine, we can ſay nothing certain on this head, A. 
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fluid; one balf of which was ammoniac gas, and the 
other half hydrogenous gas. Four ounces of the ſame 
filings, with two ounces of ammoniacal muriate, afford, 
when diſtilled in a retort with a common receiver, about 
two drachms of liquid ammoniac, impregnated with ; 
little iron, which it ſoon depoſites in the ſtate of oxide 
of iron. The reſidue of theſe operations is muriate of 
iron. What occaſions the decompoſition of ammoniacal 
muriate by iron is, that the metal eagerly combines with 
muriatic acid; a proof of which is the diſengagement 
of hydrogenous gas, obſerved to take place during the 
operation. In pharmacy, there is a medicine prepared 
of ammoniacal muriate and iron, which is called martial 
flowers of ſal ammoniac, or ens martis. A pound of am. 
moniacal muriate in powder is mixed with an ounce of 
iron filings ; this mixture is expoſed in an earthen pot 
covered with another veſſel of the ſame kind to a fire ſuf. 
ficient to make the under-part of the apparatus red-hot 
In five or ſix hours, there is a yellow matter ſublimated, 
which is to be preſerved in a phial; this matter is the 
martial flowers. IL his ſubſtance conſiſts chiefly of ſubli 
mated ammoniacal muriate, with a little oxide of iron 
As the metal very readily decompoſes this falt, only: 
very ſmall quantity of it muſt be employed, in orde 
that the greateſt part of the ſalt may be ſublimed in it 
natural ſtate, That portion of the oxide of iron whit 
is volatilized, communicates a yellow colour to the ammo- 

niacal muriate, which is at the ſame time ſublimated. 
Oxide of iron decompoſes this ſalt better than the 
metal itſelf; for it diſengages the ammoniac withont 
heat. That which is obtained by diſtillation is very fluid 
and ſufhciently cauſtic. ' I have obtained ammoniac 
which 
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1 the which gave a flight efferveſcence with acids, by diſtilling 
ſame ammoniacal muriate with half its weight of aperitive /af- 
ford, fron of Mars, or oxide of iron, prepared with acceſs of 
about air, and of conſequence containing carbonic acid. In 
ith 2 this inſtance, the carbonic acid diſengaged from the iron 


oxide combined with the ammoniac, and ſo rendered it effer- 
ite of veſcent. 

niaca Iron is altered in its colour by hydrogenous gas; but 
s with the alteration which it ſuffers has not been yet ſuffi- 


ement ciently examined. Black oxide of iron is not decom- 
ig the BW poſed by this gas; but the brown or the red oxides eaſi- 
pared 1y are, and they then pals into the ſtate of black oxide; 
artig for hydrogene robs them of all the oxigene they con- 
of am. tain, more than what is requiſite to maintain them in 
nce of the ſtate of black oxide. Sulphur combines rapidly 
en paß with iron. A mixture, conſiſting of iron filings and 
re \u-W ſulphur in powder, and moiſtened with a little water, 
2d-hot WW becomes hot in a few hours. It then ſwells, acquires 
mated Bi conſiſtency, abſorbs the water, burſts with a diſcernible 


- is the crackling, and exhales a good deal of aqueous vapour, 
f ſubli accompanied with a fœtid odour, very like that of ſul- 
f iron phurated hydrogenous gas. When the mixture is a 
only WF large maſs, it takes fire in the ſpace of four and twenty 
ordeſ or thirty hours, and as ſoon as ever the aqueous vapours 
d in iu ceaſe to ariſe from it. When the ſubſtances have near- 
whit ceaſed to act on each other, the heat rapidly increaſes, 
ammoWand inflammation takes place. The ſmell then becomes 
ited. much ſtronger; it ſeems to be owing to the hydroge- 
aan the nous gas produced by the action of the ſulphur and 
without iron on the water. This ſmell is mixed with another, 
y fluid chat of alkaline ſulphures and pure hydrogenous gas; 
noniac E 2 the 
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the inflammation 'obſerved in this experiment is, no 
doubt, owing to a copious diſengagement of hydroge. 
nous gas; for the flame is more lively than that of ſul. 
phur. It riſes a foot high, according to M. Baume 
account, who obſerved this phænomenon on a mixture, 
conſiſting of an hundred pounds of iron filings, and as 
much ſulphur in powder : it laſts only for two or three 
minutes; the mixture continued red and burning fut 
forty. M. Baume explains this inflammation into the 
diſengagement of the phlogiſton of the ſulphur into the 
ſtate of free fire. Lemery, the father, has given the 
name of artificial volcano to this experiment. He ima. 
gined the fires which kindle in the interior parts of ou 
globe, and by forcing their way to the ſurface, produce 
earthquakes and volcanoes, to ariſe from a ſimilar com. 
buſtion of pyrites piled on each other, and moiſtened 
by water. In his opinion, theſe awful phaznomenz 
might be imitated, by burying in the earth a mixture 
of ſulphur in powder and iron filings, reduced to a paſt 

with water, and covering it over with earth preſſed cloſe. 
ly down upon it. This experiment did not ſucceed with 
Bucquet, who repeated it with the greateſt exaCQnels, 
Dr Prieſtley ſeemed to ſhow the reaſon why it failed. 
That philoſopher obſerved, that the moiſtened mixture 
of ſulphur and iron abſorbed a certain quantity of air, 
which might be thought neceſſary to its inflammation, 
But, notwithſtanding this, the inflammation takes place 
without the contact of air. It appears, in fact, that the 
iron being very much divided, re. acts on the fluid, and 
ſeizes its oxigene, by which it is calcined, and diſenga- 
ges the hydrogenous gas, which takes an elaſtic form by 


means of the heat ſeparated from the water: This gas 
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alſo diſſol ves a portion of the ſulphur, and thus becomes 
ſulphurated hydrogenous gas. 

There is a ſtrong analogy. between this combination 
of iron and ſulphur by the humid way, and the effloreſ- 
cence of pyrites ; which, hen they are moiſtened by wa- 
ter, produce ſulphurated hydrogenous gas, 

Sulphur combines very eaſily with. iron by fufion ; 
the reſult is a ſulphure of iron, or pyrites arranged in 
needles. As in this caſe the ſulphur increaſes greatly 
the fuſibility of iron, the metal may be inſtantaneouſly 
melted with the help of this combuſtible body. In or- 
der to this, a fmall bar of iron, heated to whiteneſs, may 
be applied to a roll of ſulphur, and the melted matter 
which runs from them received into water; It will be 
found in the fluid in brittle blackiſh globules, reſembling 
pyrites, and, like them, in the form of ſmall lender con- 
centric pyramids, 

Iron with arſenic affords a brittle mixture, which is 
but very little known. ; | 

This metal appears to exiſt in many iron ores; and 


it is in conſequence of being intermixed with it that iron 


is brittle when hot. 

With cobalt, iron forms a metallic mixture, with ſmall 
cloſe grains, hard, and not eaſily broken, 

It does not appear capable of combining with bif- 
muth. 

In combination with antimony, it forms a brittle al- 
loy with ſmall facets, which yields but very little to the 
hammer, Iron has more affinity than antimony with 
ſulphur ; and is of conſequence capable of decompoſing 
ſulphure of antimony. To effect this decompoſition, 
make five ounces of the points of horſe-ſhoe nails red · 
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hot in a crucible; throw upon them a pound of pulye. 
rized ſulphure of antimony ; and apply ſpeedily to this 
mixture a heat ſufficiently ſtrong to melt it: when it i 
pretty well melted, add an ounce of nitre in powder, 
to promote, by a thorough fuſion, the ſeparation of the 
ſcoriæ from the antimony ; let the mixture be now 
left to cool, and the antimony will be found by itſelf not 
impregnated with any iron. If the mixture employed 
conſiſt of one part of iron, with two of ſulphure of anti. 
mony, the antimony will be alloyed with iron. The ſcoriz 
which are found above antimony alloyed with iron, and 
prepared with nitre and tartar, are of a yellowiſh co. 
lour like amber, which they owe to the iron contained 
in them. Stahl has, on this account, called them ſue. 
cinated ſcorig. He directs to reduce them to powder; 
then boil the powder in water, which carries off the 
moſt ſubtle part of it ; decant off the liquor; filtrate it; 
and detonize the powder remaining on the filter three 
times with nitre ; then waſh and dry it . and the mad 
ter thus prepared is Stahl's aperitive ſaffron of antini. 
niated Mars. 

It is {till uncertain whether zinc be capable of enter. 
ing into union with iron. Malouin, in his Memoir on 
Zinc (Academy, 1742), has ſhown, 'that this ſemi-metal 
may be applied like tin to the ſurface of a piece of iron, 
ſo as to ſecure it from the contact of air; a circum- 
ſtance which ſhows, that theſe two metallic matters 
are capable of entering into combination with one ano- 
ther. | | 

It appears that nickel enters into a very intimate 
union with iron ; for, as Bergman has ſhown, theſe two 
metallic ſubſtances can never be entirely ſeparated. 

Mercury 


of Iron. 71 


Mercury can contract no union with iron in its me- 


tallic ſtate. Ineffectual attempts have been made to 


produce a direct combination of theſe two ſubſtances ; 
but their oxides have been combined. Navier has ob- 
ſerved, that a ſnowy white precipitate may be obtained 
by mixing together a ſolution of iron and a ſolution of 
mercury, both made by the ſuiphurit acid; and on eva- 
porating this mixture, ſmall flat cryſtals are formed in 
it, very thin, and reſembling the boracic acid. Navier 
is convinced that theſe cryſtals are a combination of iron 
with mercury. 

Lead cannot enter into union with iron, 

It appears that iron and tin may be combined by * 
fion. That art which conſiſts in coating the ſurface of 
iron with tin, or preparing white iron, ſhows this com- 
bination to be poſſible. The ſurface of iron to be tin- 
ned mult be ſmooth and ſparkling. For this end, it is 
ſometimes cleared with an acid, ſometimes filed, and ſome- 
times coated with ſal ammoniac ; when prepared in this 
manner, it is immerſed vertically into a veſſel full of 
melted tin; its poſition in the veſſel is repeatedly chan- 
ged, in order to bring, it more completely in contact 
with the tin; and when it is thought to be ſufficiently 
tinned, it is taken out and rubbed, with ſaw-duit or 
bran, to clear it from the tallow or pitch with which the 
ſurface of the melted tin is covered, and which of con- 
ſequence ſticks to the ſurface of the tinned iron. If the 
iron ſubje&ed to this proceſs be in very, thin plates, the 
tin will not barely adhere to its ſurface, but penetrate 
through it, and combine with all its parts: and on cut- 
ting or breaking it, the ſame white colour will appear 
in the midſt as on the ſurface of the plate: From which 
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it appears, that white iron, properly prepared, is actual. 
ly a chemical combination. Beſides, it is more malle. 


able than iron, and is wrought into veſſels of a form 
which it would be impoſſible to make the pure metal 
take with the hammer. 

We have ſeen, in the beginning of chis chapter, Ys 
iron eaſily abſorhs carbone by heat, forming, by its union 
with that combuſtible body, caſt iron and ſteel ; with 
this difference between theſe two compounds, that in 
the former oxigene is contained, but not in the latter, 
In both, the quantity of the iron is much above that 
of the carbone. Scheele, who has applied chemical ana. 
lyſis to ſo many happy purpoſes, found, on inveſtiga- 
ting by this method the nature of plumbago, a ſpecies of 
mineral, the rank and charaQer of which naturaliſts 
were long at a lofs to determine, that it is nothing but 
a natural combination, conſiſting of a large quantity 
of carbone, with a very ſmall proportion of iron. 

Plumbago has been long confounded with molybdena®. 
Pott was the firſt who proved that neither of theſe ſub- 
ſtances contains lead, as they were anciently thought to 
do. The names beſtowed on molybdena and plumbage 
were formed to perpetuate the error. They were both 
indifferently called lead ore, Engliſb pencil, marine lead, 
black ceruſe, painter's mica, lead pencil, ful je galena, talc, 
Blende, potelot. 

Native carbure of iron (a name which, as expreſſive of 
the nature of the compound, we have ſubſtituted inſtead 

| of 


It is now agreed, that the ſubſtance called molybdeng is the oxide 
of a certain acidifiable ſemi-metal. Its biſtory has been given among 
the ſemi-metals, F. | 
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of plumbago.) is found in mountains, frequently among 
beds of quartz, feldt-ſpar, clay, or chalk, in the form of 
irregular round lumps, or balls, like the teſticles of ani- 
mals of various ſizes; the largeſt weighing from eight 
to ten or eleven pounds; fometimes, too, it is ſcattered 
in much ſmaller fragments; and ſometimes even in ſtra- 
ta or layers. The inhabitants of Bleoux, a hamlet near 
Curban, in the higher part of Provence, work native 
carbure of iron, or plumbago, which is found in ſtrata of 
the thickneſs of four feet, between two beds of clay; 
the matter is fold at Marſeilles, M. de la Peyroux 
reckons carbure of iron among the minerals of the Py- 
renees: it is found in Spain and in Germany; in the 
duchy of Cumberland in England, there is a very rich 
mine of it; it is made into pencils, which are much 
eſteemed. North America, and the Cape of Good 
Hope, likewiſe afford ſpectmens of this ſubſtance. 
Plumbago has for ſome time been found in octohædral 
eryſtals. 

Carbure of iron is of: a gliſtering blackiſh blue colour; 
it feels greaſy, and its fracture is tuberculous ; whereas, 
molybdena has a lamellated fracture. Its being of an 
unctuous ſoapy nature, has induced fome chemiſts to 
conſider it as a kind of impure clay. It fpots the hands ; 
and the black pencil leaves, as every 1 knows, a black - 
ih mark on paper. 

Carbure of iron ſuffers no alteration from heat in cloſe 
veſſels. M. Pelletier, who has made a ſeries of experi- 
ments on this ſubſtance, ſince Scheele, without obtain- 
ing, however, any different refult, expoſed 200 grains of 
it in a well-ſtopped crucible of porcelain, to the heat of 
the fire uſed in the S*ves manufactory for porcelain ; 

the 
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it appears, that white iron, properly prepared, is actual. 
ly a chemical combination. Beſides, it is more malle. 
able than iron, and is wrought into veſſels of a form 

which it would be impoflible to make the pure metal 
take with the hammer. 

We have ſeen, in the beginning of this chapter, a 
iron eaſily abſorbs carbone by heat, forming, by its union 
with that combuſtible body, caſt iron and ſteel ; with 
this difference between theſe two compounds, that in 
the former oxigene is contained, but not in the latter, 
In both, the quantity of the iron is much above that 
of the carbone. Scheele, who has applied chemical ana. 
lyſis to ſo many happy purpoſes, found, on inveſtiga- 
ting by this method the nature of plumbago, a ſpecies of 
mineral, the rank and charaQer of which naturaliſts 
were long at a lofs to determine, that it is nothing but 
a natural combination, conſiſting of a large quantity 
of carbone, with a very ſmall proportion of iron. 

Plumbago has been long confounded with motybdena®, 
Pott was the firſt who proved that neither of theſe ſub- 
ſtances contains lead, as they were anciently thought to 
do. The names beſtowed on molybdena and plumbags 
were formed to. perpetuate the error. They were both 
indifferently called lead ore, Engliſh pencil, marine lead, 
black ceruſe, painter's mica, lead pencil, faiſe galena, tale, 
Blende, potelot. | | 

Native carbure of iron (a name which, as expreflive of 
the nature of the compound, we have ſubſtituted inſtead 
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of plumbago) is found in mountains, frequently among 
beds of quartz, feldt · ſpar, clay, or chalk, in the form of 
irregular round lumps, or balls, like the teſticles of ani- 
mals of various ſizes; the largeſt weighing from eight 
to ten or eleven pounds; ſometimes, too, it is ſcattered 
in much fmaller fragments; and ſometimes even in ſtra- 
ta or layers. The inhabitants of Bleoux, a hamlet near 
Curban, in the higher part of Provence, work native 
carbure of iron, or plumbago, which is found in ſtrata of 
the thickneſs of four feet, between two beds of clay; 
the matter is ſold at Marſeilles, M. de la Peyroux 
reckons carbure of iron among the minerals of the Py- 
tenees: It is found in Spain and in Germany; in the 
dichy of Cumberland in England, there is a very rich 
mine of it; it is made into pencils, which are much 
eſteemed. North America, and the Cape of Good 
Hope, likewiſe afford ſpectmens of this fubſtance. 
Plumbago has for ſome time been found in octohædral 
eryſtals. | 

Carbure of iron is of a gliſtering blackiſh blue colour ; 
it feels greaſy, and its fracture is tuberculous; whereas, 
molybdena has a lamellated fracture. Its being of an 
unctuous ſoapy nature, has induced fome chemiſts to 
confider it as a kind of impure clay. It ſpots the hands; 
and the black pencil leaves, as every body knows, a black- 
ih mark on paper. 

Carbure of iron ſuffers no alteration from heat in cloſe 
veſſels. M, Pelletier, who has made a feries of experi- 
ments on this ſubſtance, ſince Scheele, without obtain- 
ing, however, any different refult, expoſed 200 grains of 
it in a well-ſtopped crucible of porcelain, to the heat of 
the fire uſed in the Seves manufactory for porcelain ; 

the 
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the mineral loſt only ten grains: But when heated in 
contact with air, it burns and is oxidated, ſo as to leave 
ſcarce any reſidue. Meſſrs Quiſt, Gahn, and Hielm, ob- 
ſerved, that 100 grains, treated in this manner, in a cap- 
ſule under a muffle, left only ten grains of ferruginous 
oxide. This oxidation is a flow combuſtion, very diffi. 
cult to bring about. It does not ſucceed in a common 
crucible : but to effect it, a thin piece of carbure of iron 
muſt be expoſed in a broad flat veſſel to the action of a 
ſtrong fire, and the ſurfaces often cleared, and its poſi. 
tion changed, 

Neither air, water, nor any earthy anden acts on 
carbure of iron. The alkalis act powerfully on this 
ſubſtance. If one part of carbure of iron, with two of 
dry cauſtic fixed alkali, or the /apis cauſticus, be heated 
together in a retort with a pneumato-chemical appara- 
tus, the ſmall quantity of water ſtill contained in the ſalt 
contributes to the combuſtion of this ſubſtance ; a pro- 
duct of carbonated hydrogenous gas is obtained; the 
alkali is found to be ſaturated with carbonic acid ; and 
there remains ſcarce any of the carbure of iron. The 
reſult of this experiment, and the detonation of carbure 
of iron with nitre, which will hereafter come under our 
notice, led Scheele to conſider this matter as a kind of 
ſulphur formed of aerial, or carbonic acid and phlogiſ. 
ton. We will examine this theory, after having conſfi- 
dered the other phænomena which this combuſtible bo- 
dy diſplays when expoſed to the action of acids and 
neutral ſalts. 

The ſulphuric acid, according to Scheele, is incapable 
of acting on carbure of iron. M. Pelletier has obſer- 
ved, that when 100 grains of this ſubſtance, and four 
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ounces of concentrated ſulphuric acid, are digeſted to- 
gether cold for ſeveral months, the acid acquires a 
green colour, and becomes liable to congeal by a very 
moderate degree of cold. This acid, when diſtilled on 
carbure of iron, paſſes into the ſtate of ſulphureous 
acid, in conſequence of the combuſtion of a part of 
that ſubſtance. | 

The nitric acid produces no alteration upon it. The 


muriatic acid diflolves the aluminous earth and the 


iron, and ſerves to purify it, according to M. Berthollet: 
M. Pelletier has made uſe of the ſame proceſs in or- 
der to obtain pure carbure of iron. With reſpe& to 
the aluminous earth, which the muriatic acid carries 
off from carbure-of iron, Scheele remarks, that the 
aluminous earth ſeparated in his analyſis, belonged to the 
crucible in which he had before treated it. | 

Carbure of iron, when melted with four parts of ſul- 
phate of potaſh, or ſulphate of ſoda, affords alkaline 
ſulphures, and is entirely decompoſed. 

Nitre detonates with the help of this ſubſtance; ten 
parts of that falt tre requiſite to burn one of carbure 
of iron. The fixed alkali which remains after this ope- 
ration gives a lively efferveſcence with acids, and is 
found to be mixed with a ſmall quantity of oxide of 
iron. The ſame effect takes place with nitrate of ſoda 
and ammoniacal nitrate. M. Pelletier has obſerved, that 
in this laſt operation there is ammonaic diſengaged in 
combination with a portion of carbonic acid. 

Carbure of iron acts neither on muriate of potaſh 
nor muriate of ſoda. 

When diſtilled with ammoniacal muriate, it gives 
martial ammoniacal flowers. When it is heated with 

ſulphur 
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ſulphur in a retort, the ſulphur is ſublimed by it. 
ſelf, without producing any alteration on the carbure 
of iron. 

All theſe facts concur to prove, that this ſubſtance iz 
neither earth nor lead ore, as it was thought to be, 
But Scheele's Theory, again, who conſiders it as a com- 
bination of carbonic acid with phlogiſton, cannot be ad; 
mitted, 1. Becauſe that chemiſt has not informed us 
what quantity of the acid he obtained; 2. Becauſe he 
could not compoſe plumbago artificially, by combining 
carbonic acid with a combuſtible matter. Beſides, the 
two ſubſtances with which Scheele changed carbure of 
iron into carbonic acid, effect the change by affording 
vital air, which combines with the inflammable matter 
of this ſubſtance, and gives riſe to that acid by the fixa- 
tion of oxigene; for in this manner does the nitrie 
acid convert tungſten, arſenic, and ſugar, into acids, 
With regard to cauſtic fixed alkali, which likewiſe chan. 
ges carbure of iron into carbonic acid, this effect is 
plainly owing to the water which that alkali always con- 
tains, and which burns the combuſtible matter in the 
ſame manner as it conſumes zinc and iron; the hydro- 
genous gas obtained during the re-aQion of the alkali 
and the carbure of iron adgs confirmation to this theory, 
It might be ſtill farther confirmed by paſting water in 
vapours upon this ſubſtance, made red-hot in a copper or 
porcelain tube, as is done with iron and zinc. Al- 
though this experiment has not been yet made, I be- 
lieve I may venture to advance, that the whole of the 
carbure of iron would be deſtroyed, and converted into 
carbonic acid, and that the product of the operation 


would be carbonated hydrogenous gas, mixed with a 
large 
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large proportion of carbonic acid. It would then ſeem 
a natural inference, that the carbonic acid is a compound 
of plumbago and oxigene; but as we know from many 
other experiments, that this acid cannot be found un- 
leſs when a combination of carbone and oxigene takes 
place; we muſt infer, in this inſtance, that plumbago con- 
tainsa large proportion of carbone, and even conſiſts almoſt 
entirely of that combuſtible body. A few faQs concern- 
ing the properties of carbone, here thrown together, will 
farther confirm this aſſertion. 

The carbone or coal of various vegetable matters is bril- 
liant, and has a metallic aſpect, like carbure of iron; it ſoils 
the hands, and marks paperlike that matter; and its texture 
too is granulated and brittle. . The moſt brilliant coals, 
ſuch as thoſe of ſome animal ſubſtances, are as diffi. 
cult to burn as carbure of iron, which needs to be much 
ſired, expoſed to an intenſe heat, and brought as much 
as poſſible into contact with air, in order that it may be 
conſumed ; iron is found in both: And laſtly, theſe two 
ſubſtances are both liable to be changed into carbonic 
acid by combuſtion. After conſidering theſe facts, may 
we not regard plumbago as coal formed in the interior 
parts of the globe, or buried in the earth ? May we not 
even conclude, that this matter is formed by the com- 
bination of ſome mineral principles? though almoſt all 
chemiſts be of opinion, that nothing but organic matters 
can be converted into coal. But this notion can be. 
confirmed or refuted only by a regular inquiry into the 
ſtate of carbure of iron in nature, the circumſtances of 
its formation, and the alteration which it ſuffers. Since 
the reſearches of Meſſrs Vandermonde, Monge, and Ber- 
thollet, into the ſeveral ſtates in which iron ſubſiſts, 
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diſcovered theſe facts concerning carbure of iron, they ſta 
have farther diſcovered, that there is conſtantly formed, fro 
on the fuſion of caſt iron, a ſubſtance preciſely ſimilar gre 
to native carbure of iron. The ladles with which the and 
caſt iron is taken out to cool are uſually coated with it, 18 


Maſſes of it are likewiſe found in cryſtals in repairing bru 
the upper parts of the furnaces. We may venture. to cel 
hope that it will be one day artificially prepared for the con 
ſervice of the arts. | wit 

Carbure of iron is a good deal uſed, It is made into of « 


pencils; the moit eſteemed of which come from Eng. 
land. Keſwick, in the county of Cumberland, is the 
place where that uſed for pencils is found. The native 


lumps are ſawed into ſmall flender pieces; which are J 
put into wooden cylinders with grooves, and cut ſo that ſhot 
the cavity of the {cylinder may be entirely filled. The roll! 
duſt produced from the ſawing and cutting of the pieces part 
inſerted into the cylinders is uſed for pencils of an infe. uſed 
rior quality, a great many of which are ſold at Paris. It WW nafa 
is mixed with a gum paſte, or- melted with ſulphur, in tl 
Theſe baſe pencils are known in England, either by Saxc 
their melting and burning at the flame of a taper, or by M 
their ſeparating into bits, and even falling into powder rious 
when ſteeped in water. The German carbure of iron to ar 
is likewiſe uſed for pencils: in making them, ſeveral Pott, 
extraneous matters are added; ſuch as coal, ſulphur, clay, 
&c. In England the fineſt duſt of carbure of iron is uſed lutin 
for coating the wheel-work of ſome inſtruments ; and it W melt 
tacilitates their motions by its greaſy unctuous nature“. Th 
One of the moſt important uſes to which this ſub- WW fides 

| ſtance them 
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* This ſubſlance is likewiſe uſed for blackening the outſides of c ſoul « 


fas. Its common name is woed, H. 
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ſtance is applied is to coat iron, in order to preſerve it 
from ruſting; the pipes of ſtoves, the back parts of 
crates, and other utenſils expoſed to the action of fire 
and air, are coated with powder of carbure of iron, which 
is applied to their ſurface by ſimply rubbing with a 
bruſh. Homberg, in the year 1699, deſcribed a pro- 
ceſs for giving a leaden colour to utenſils of iron. It 
conſiſts in mixing eight pounds of melted animal fat, 
with four ounces of camphire, and a ſufficient quantity 
of carbure of iron, and laying this compoſition on iron 
ſo hot that it can ſcarce be held in the hand: theſe uten- 
fils muſt be carefully wiped with a cloth, after being 
covered with this ſort of varniſh. 

The workmen who manufacture lead for hunting- 
ſhot, poliſh and blacken its ſurface at the ſame time by 
rolling it in powder of carbure of iron. It is likewiſe a 
part of the compoſition put upon the pieces of leather 
uſed for ſtrapping razors. Laſtly, it is uſed in the ma- 
nufacture of ſeveral black Engliſh earthen wares ; and 
in that of the crucibles which are made at Paſſaw in 
Saxony. | 

M. Pelletier, who has given a good account of the va- 
rious uſes to which carbure of iron is applied, found it 
to anſwer very well in a luting which he prepared after 
Pott, with one part of this ſubſtance, three of common 
clay, and a little cow-dung, reduced very ſmall. This 
luting ſupports glaſs retorts well enough : they even 
melt ſometimes without its ſuffering any change of form. 

The principal uſes of iron are fo extenſive, and be- 
hides ſo well known, that it is unneceflary to inſiſt on 
them here; only we may mention, that no art can do 
entirely without it, and that it is, as Macquer fays, the 


foul of all the arts. The various modifications of which 
it 
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it is ſuſceptible, render it very ſuitable for all the putpo- 
ſes to which-it is applied. Caſt iron is run into utenſils 
more or leſs ſolid, and capable of reſiſtance, according 
to the purpoſes for which they are deſigned. The tens. 
city and hardneſs of the ſeveral ſpecies of forged iron 
render it very ſuitable for all the purpoſes to which it i 
applied. The ſame is the caſe with the feveral kinds of 
ſteel. The fineneſs of the grain and the temper vary 
ſo as to divide it into a great many ſpecies, each of which 
is better fitted than any of the reſt to ſome purpoſe a 
other in the circle of the arts. Oxides of iron ſerve far 
giving a red or brown colour to procelain, pottery, ens. 
mels, &c. They are likewiſe employed in the prepara = 
tion of artificial precious ſtones, and mixed with oil for * 


painting colours. | 3 
Iron affords a remedy of great uſe in medicine; to this 
which indeed the art is frequently indebted for ſuccels, bas 
This is the only metal that has no noxious quality what- 3 
ever, and of the good effects of which there can be 10 . 
doubt. There is even, as we have ſeen, ſuch an ana- c i 
logy between iron and organic matters, that it ſeems toy * 
compoſe a part of them, and to be often produced by Bi gon i 
the operation of the vital powers of animals, and by ve. ning 
getation. The effects of iron on the animal ceconomy the 6 
are various. It ſtimulates the fibres of the mem-W - 
braneous viſcera, and appears to act more eſpecially on c: 
thoſe of the muſcles, which it affects as a tonic. It for: and - 
tifies the nerves, and communicates to the animal, WF ... .- . 
when enfeebled and languid, new force and vigour in ¶ more. 
a remarkable degree. It excites many ſecretions, elpe-WM with f 


cially ſuch as take place by evacuations of blood of i .1.; 1 
urine. It contributes to bring on natural hæmorrha-· ¶ ninere 
ges, ſuch as the menſtrual flux and the hxmorrhoids. v 
| I: 
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it increaſes and multiplies the contractions of the heart; 
and of conſequence renders the pulſe quicker and 
ſtronger. It acts with no leſs energy on the fluids. 
It paſſes eaſily into the channels through which the 
blood circulates, combines with it, and thus gives it 
new denfity, conſiſtency, and colour, and renders it 
more liable to coneretion. It at the ſame time com- 
municates to it ſuch activity, that it paſſes without dif- 
ficulty into the ſmalleſt veſſels, ſtimulates of itſelf the 


| fides of the ducts through which it flows, and thus 


conveys life and vigour through the whole ſyſtem. The 
valuable experiments of M. Menghini, publiſhed among 
the Memoirs of the Inſtitution of Berlin, prove, that 
the blood of people who make uſe of iron is higher co- 
loured, and contains more than the natural quantity of 


this metal. Lorry, who, in the practice of medicine, 


has diſplayed that nice acuteneſs of obſervation, and 
that extenſion of views which diſtinguiſh the profound 
and philoſophical phyſician, obſerved the urine of 2 
ſick perſon to whome#he had adminiſtered iron reduced 
to powder, to take a manifeſt colour from an infu- 
ſion of nut-gall. This metal is therefore tonic, ſtrength- 
ening, ſtomachic, diuretic, alterative, inciſive; and in 
the ſingle operation of this medicine are united the 
virtues of a great number of drugs. It contracts the 
fibres like aſtringents, it increaſes their oſcillation : 
and it has the ſuperiority over many of the other 
medicines which poſſeſs the ſame virtues, as being 
more conſtant and durable in its effe&s; for it combines 
with the organs themſelves, by means of the fluids by 
which theſe are nouriſhed. It may be uſefully admi- 


niſtered, therefore, in all caſes in which the action of the 
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fibres of the viſcera, of the muſcles, or even of the & 
nerves, is very feeble ; when the ſtomach and inteſtine; WW nc 
are ſo languid as to refuſe their functions; and in the be 
caſe of weakneſs ariſing from ſuch a cauſe : in ſhort, ſet 
whenever the conſiſtency of the fluids is diminiſhed, ap] 
and they are become too thin, as in the green ſickneſs, to 
and in tendency to dropſy, &c. It is uſed under many tio! 
different forms; ſuch as levigated filings, martial A con 
thiops, aſtringent and aperitive ſaffron of Mars, Stahl lari 
alkaline martial tincture, martial flowers of ſal ammo. ſion 
niac, &. To theſe medicines might perhaps be add. nal 
ed iron precipitated from acids, and again 'diffolved the 
by ammoniac ; Pruſſian blue, the uſe of which as a me. of ti 
dicine, is propoſed by the chemiſts of the Academy of 

Dijon, &c. Sulphate of iron is applied externally to T, 


ſtop hemorrhages, &c. 

Iron, endowed with magnetic qualities, or artificial 
loadſtone, has been thought to produce ſome very {in- 
gular effects on the animal ceconomy. According to 
many modern authors, when laid upon the ſkin, it eaſe 


often, too, the eruption of ſmall pimples ; it likewiſe ren. 
ders epileptic fits leſs frequent, We are even affured, 
that in the ſpace of twelve hours it communicates to 
water a purgative quality, Theſe aſſertions, which it i 
pretended are juſtified by facts, afford ſo many proofs to 
enlightened philoſophers of the difficulties with which 
the ſtudy of animal phyſics is attended. As no body i 
liable to be affected by the magnetic powers of other 
bodies which is not itſelf capable of acquiring ſuch 
powers, it muſt therefore be impoſſible for the loadſtone 


to act by virtue of its magnetic powers upon the animal 
Economy: 


economy. The phyſicians who aſeribe to it ſuch emis» 
nent effects, and ſuch energetic medicinal powers, have 
been miſled and deceived by the changes, more or leſs 
ſenſible, which have taken place about the time of the 
application of the magnetic bady, and have been owing 
to the circumſtances of the caſe, and the happy exer- 
tions of nature, This opinion is farther enforced by 
conſidering, that nature ſeems to act with more irregu- 
larity and inconſtancy in removing pains and convul- 
ſions, than in any other inſtance; and that the medici- 
nal virtues of the loadſtone are chiefly inferred from 
the effects which have followed after applying it in caſes 
of this kind, 

To this very elaborate and complete chapter upon iron, very 4 
facts can be added. i 

M. Chaptal ſays, that the cubic foot of iron, weighs not 880 I. ag 
our author alledges, but only 845 l. Its ſpeeific gravity is 52,070. 
Iron ochres, ſuppoſed to be formed by the natural decompoſition of 
pyrites, are the principal matter employed for dyeing ſuf with the 
various ſhades of &rown-red. They are for this purpoſe calcined. At 
Maz-Dieu, near Alais in France, a ſtratum of ochre has been found, 
which affords an ipimitable red. At Carron in Stirlingſhire, in Scot- 
land, and by Meſſrs Cooper and Barker, between Leith and Edin- 
burgh, many articles of furniture, &c. are very ingeniouſly moulded 
gut of crude iron. H. a 
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OPPER is a metal, of a very brilliant red co. 
lour, to which the alchemiſts gave the name 

of Venus, on account of the .readineſs with which it hg 
combines ſo as to ſuffer alteration from a vaſt variety I man- 
of other bodies. It has a diſagreeable fmell, which h hood 
felt when it is rubbed or heated. Its taſte is ſtiptic and 


nauſeous, but leſs ſenſible than that of iron. It is hard, 27 
very elaſtic, and very ſonorous. Its ductility is conl-W acia. 
derable: it is redycible into very thin plates, and very coppe 
fender threads. In the hydroſtatic balance, it loſe 

about an eighth or a ninth part of its weight. Such uM vet. 
its tenacity, that a thread of copper, one-tenth of an inch / 


in diameter, ſupports 299 1-4th pounds weight without 
breaking. Its fracture appears as if it were compoſed 
of ſmall grains. It is ſuſceptible of a regular form 
The Abbe Mongez defines its cryſtals to be quadran 
gular pyramids, ſometimes ſolid, and ſometimes conſfill 
ing of other ſmaller pyramids, inſerted laterally. + Al 
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Copper is found in various ſtates in the earth. Its 
ores are very numerous; but they may be all reduced 
to the following. 

1. Native copper of a red colour, malleable, and poſ- 
ſeſſed of all the other properties of the metal. It is diſ- 
tinguiſhed into two ſorts; copper of the firſt forma- 
tion, and copper of a ſecondary formation, or cementa- 
tion, The copper of the firſt formation is diſperſed in 
plates or filaments within a gangue, which is almoſt 
always of a quartzoſe nature. It is ſometimes found in 
otah:edral cryſtals, one above another, reſembling a kind 
of vegetation. There are other ſpecimens in maſſes 
and grains. Copper of cementation is commonly in 
grains, or in thin, Iaminæ on the ſurfaces of ſtones or 
iron. That which is found- on iron appears to have 
been depoſited in waters containing ſulphate of copper, 
and precipitated by iron. Native copper is found in 
many places over Europe: At St Bel in the neighbour- 
hood of Lyons, at Norberg in Sweden, at Newfol in 
Hungary, and in ſeveral parts of America “. 

2, Copper oxidated and mineralized by the carbonic 
acid. There are ſeveral varieties of native carbonate of 
copper. 


Varieties, 

A. Red coppef, or hepatic copper ore. This ore 
is diſtinguiſhed by its dark red colour, like 
the colour of the ſcales which fall off from cop- 
per made red-hot, and then ſtruck with a ham- 
mer. M. Monnet conſiders this ore as a na- 

F 3 tural 


+ Alſo in different places in England, Scotland, and Wales, at 
Haumſdorf in Thuringia, &c. 
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tural oxide of copper: It is generally mixed 
with native copper and mountain green : it is 
not very plenteous ; ſometimes it is found in 
octahædral cryſtrals, or ſilky fibres called flower; 


of copper. 


Earthy copper, mountain green, or green chryſocal. | 


la. This ore is a genuine oxide of copper, of 
a lighter or a deeper green, not heavy, and un. 
equally diſperſed within its gangue. It appears 
from the analyſis of the malachite, made by 
the Abbe Fontana, to be combined with car. 
bonic acid. This ore is ſometimes very pure. 
It may be conſidered as exiſting in three differ. 
ent ſtates. | | 
Simple mountain green, earthy or impure, call. 


ed alſo green chryſocolla. 


Mountain green in cryſtals, or Ally copper of 
China. This ore, which is common enough in 
Voſges and Hartz, is likewiſe found in China, 
It is pure, and cryſtallized in long filky bundles 
of no ſmall ſolidity. 

Mountain green in ſtalactites, or malachite. 
This ſubſtance, which is found in conſiderable 
abundance in Siberia, conſiſts of layers in the 
form of nipples, of various ſizes : ſome of the 
ſpecimens conſiſt of needles converging towards 
a common centre. The different layers have 
not all preciſely the ſame ſhade of green. The 
malachite 1s hard enough to take a fine poliſh; 
and various toys are made out of it; but as it 


is often porous, and full of unequal cavities, 
5 | the 
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the ſolid pieces are always the moſt valuable 


when they come up to a certain ſize. 


Mountain blue, or blue chryſocolla. This is an 


oxide of copper of a deep blue colour ; it is 
ſometimes in a regular form, and in rhomboidal 


_ priſmatic cryſtals of a very beautiful blue. It 


is then called copper azure. At other times, it 
is found. in ſmall grains, depoſited in the cavi- 
ties of different gangues, more eſpecially in 
quartz. Generally, however, it is in thin layers, 
in the cavities of grey and yellow copper ores. 
It appears, that all theſe oxides of copper have 
been precipitated from ſulphuric ſolutions of 
this metal by the intermedium of calcareous 
earths, through which the waters containing 
them flow. M. Sage conſiders theſe blue cop- 


per ores as combinations of copper with am- 


moniac ; and ſays, that they differ from it on- 
ly in being inſoluble. He likewiſe thinks, that 
the malachite 1s nothing but this blue, which 
he calls tranſparent azure copper ore, with a 
ſmall alteration. But this opinion is not gene- 
rally received among the mineralogiſts. M. de 
Morveau thinks, that the blue differs from the 
green oxide of copper only in containing a 
ſmaller proportion of oxigene. 

The blue oxide of copper ſeems to be the 
matter which colours certain ſtones ; the tur- 
quois ſtone particularly, in which Reamur 
found copper, appears to owe its colour to 
this cauſe, as well as the Armenian ſtone, the 
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Varieties. 
baſe of which is calcareous carbonate, or ful. 
phate of lime. Mr.Kirwan makes a ſpecies of 
copper ore of theſe blue ſtones. © The turquois 
is formed of animal bones, coloured by cop- 
per. According to Reamur, the Perſian tur. 
quois is not liable to ſuffer from the attacks of 
the nitric acid. The ſame acid entirely dif. 
ſolves the turquois of Languedoc. 


3. Copper mineralized by the muriatic acid and 
combined with clay. M. Wetner fpeaks of this ore in 
his tranſlation of Cronſtedt. It has been confounded 
with talc ; and a perſon of the name of Dans expoſed 
it to ſale at Paris in the year 1784, under the name of 
green mica, It is in ſmall cryſtals of a beautiful green 
colour, or in ſmall ſparkling ſcales. Mr Forſter found 
fpecimens of this in the mines of Johan Georgenſtadt. 
The green copper ſand brought from Peru by M. Dom- 
bey ſeems to belong to this ſpecies of copper ore : on 
analyſing it, I have found it to contain a little muriatic 
acid. 

4. Copper mineralized by ſulphur almoſt without 


Iron. It is called vitreous copper ore; but the name 1s 


very improper. It is dark-grey, violet, brown, green- 
iſh, or entirely brown and liver-colour. A very mo- 
derate heat melts it. It is ponderous, ſometimes 
flexible, and always of ſuch a conſiſtency, that it may 
be cut with a knife. In its fracture it appears brilliant 
like gold. It is one of the richeſt copper ores ; for it 
affords no leſs than 90 pounds of copper in the hundred 
weight. | 

5. Coppes 
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5. Copper mineralized by ſulphur with more iron 
than is contained in the ſpecies immediately preceding ; 
azure copper ore. It differs from the laſt only in con- 
taining about 30 pounds to the hundred weight; it af- 
fords only from 50 to 60 pounds of copper in the hun- 
dred weight; the reſt is ſulphur. Theſe two ores may 
be aſſayed by acids. 

6. Copper mineralized by ſulphur with a $A deal 
of iron; brilliant or yellow golden pyrites. The quan- 
tity of the ſulphur and the copper varies greatly in this 
ore; the iron is always in a very conſiderable propor- 
tion. It exiſts in the earth in veins more or leſs conſi- 
derable. This ore is ſometimes maſſy and dark, often 
ſcaly, and ſeemingly micaceous. Such is the form of 
that of Denmark, Norway, Sweden, and St Marie-aux- 
Mines. On other occaſions, this ore is diſperſed in its 
gangue, as the copper of Alſace ; it is then called /peck- 
led copper ore. This variety is often mixed with a little 
azure; coppery pyrites exhibit very brilliant colours 
on their ſurface, either blue or violet, which are ow- 
tic ing to the decompoſition of their principles. They are 

then called copper with à waving light, or peacock-tail 
ui Wh copper ores. They ufually contain a great quantity of 
15 WH fulphur, a little iron; and in copper they are not very 
0- rich. When theſe ores are only ſuperficially diſperſed 
10- on the gangue, they are more particularly diſtinguiſhed 
nes Wh by the name of copper pyrites > Of which kind are the 
127 Wi ores of Derbythire in England, ſome of thoſe of St Bel 
ant in the Lyonnois, and a number in the mines of Alſace, 
r it WF a3 at Caulenbach and Feldens. They are beſides found 
red BF adhering to gangues of all ſorts, rock-cryſtal, quartz, 
par, ſchiſtus, and mica, &c. 
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7. Copper united with ſulphur, iron, and a little fil, 
ver. This ore is called arſenical copper ore, or fablertz, 
and bears a great reſemblance to the grey filyer ore; 
only it is not juſt ſo brilliant ; the only difference is, 
that this copper ore contains leſs ſilver than the other, 
M. Rome de Lille takes notice likewiſe of a white cop. 
per ore, which, according to him, contains a little more 
filver than the grey: but that is a true ſilver ore, 
Fahlertz affords from 35 to 60 . of copper in the 
hundred weight. 

8. Copper mineralized by ſulphur and arſenic, with 
zinc and iron; brown, or blendy copper ore. M. Mon- 
net found this ore no where but at Catharineberg in 
Bohemia: it is brown, granulated, and very hard, I 
contains from 18 to 30 pounds of copper in the hun. 
dred weight. 

9. Schiſtous copper ore. This is vitreous copper, very 


intimately mixed with brown or black ſchiſtus. It af. BY 
fords from 6 to 10 pounds in the hundred weight: Wi acids 


chalk muſt be added when it is melted. the c 

10. Bituminous copper ore. This is copper mixed i cipita 
in a particular ſort of Swediſh turfs. 

11. Black, or pitch-coloured copper ore. M. Gellert 
calls. it copper ore in ſcorie : it is a reſidue remaining 
after the decompoſition of yellow and grey copper ores, 
which contains neither ſulphur nor arſenic, and is near- 
ly in the ſtate of malachite. It is of a gliſtering black 
colour like pitch. 

12. Copper combined with ſulphur and arſenic, con- 
taining antimony ; antimonial copper ore. M. Sage 
mentions this ore in his Elements of Mineralogy. It is 
grey and brilliant in its fracture, like antimony. It con- 

ä tains 
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mins from 14 to 20 pounds of copper in the hundred 
weight. a | 

To aſſay a copper ore, after being pounded and waſh- 
ed, it muſt be ſubjected to long roaſting by an intenſe 
heat, and melted with four times its own weight of black 
flux and marine ſalt. The button thus obtained, which 
is often blackened with a reſidue oß the ſulphur, is next 
to be melted with four parts of lead, and paſſed into a 
cupel, where the ſilver and gold which it contains may 
be ſeparated; for there is but very little copper which 
does not contain ſome portions of theſe precious me- 
tals. M. Tillet's flux, which is a mixture of two parts 
of pounded glaſs, with one of caleined borax, and an 
eighth of coal, ſucceeds better in reducing this me- 
tal than black flux; for the black flux forms an al- 
kaline fulphure, which diſſolves a part of the oxide of 
copper. 

Bergman recommends the ſulphuric and the nitric 
acids for aſſaying copper ores in the humid way. When 
the copper has been diſſolved by the acids, it is then pre- 
dipitated by iron 

in working copper ores in the great way, they are 
firſt pounded and waſhed; they are then roaſted at the 
firſt in the open air, and almoſt without wood ; for 
when the ſulphur which they contain, is once kindled, 
it burns away of itſelf. When it ceaſes to burn, the 
ore is then roaſted anew, and even twice ſucceſſively 
on wood, in order to obtain- what is called the mat of 
copper. This is the ore after it has loſt only a portion 
of the ſulphur which it contained, The fuſion to which 
it is ſubjected ſerves to make it expoſe its ſurfaces 
more entirely to the heat ; in conſequence of which it 

I 18 
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is more thoroughly roaſted. It is expoſed to fix of 
ſeven ſucceſſive roaſtings, according as it contains more 
or leſs ſulphur, and is then melted into black topper, 
This copper is malleable : ſtill; however, there is {9 
much ſulphur united with it, which cannot be ſeparated 
without extracting at the ſame time the perfect me. 
tals which it contains. The black copper is melted with 
three times its quantity of lead, which is called #efreſ 
ing the copper; and this mixture is moulded into the 
form of loaves, which are called loaves of eliquatian, 


Theſe are inſtantly placed on two plates of iron, inch ( 
ned ſo as to leave a gutter between them. They ter- are 
minate immediately over the furnace of eliquation; the St 

under part of which ſlopes forward. The fire under and 
the plates heats the loaves: the lead melts, and run; che 
under the coals, carrying with it the filyer and the met 
gold, with which it has a greater affinity than with i of c 
copper. After this operation, the cakes are found to air; 
be conſiderably diminiſhed, and to have loſt their ſhape. eff 
They are now expoſed to a ſtronger fire ; the heat WW Por- 
of which is ſo intenſe as to melt the copper, ſo far that falt 
it may be entirely ſeparated from the lead. This third ©2/ 

we 


operation is called (in French) re/uage. The lead, watl 
the perfect metals, is taken to the cupel. As to the unde 
copper, it is refined by melting it in a crucible, and C 
ſuffering it to ſtand ſo long melted, that it may throw fame 
up, in a ſcum, any extraneous matters which it con- 
tains. It is aſſayed by dipping into it iron rods, which very 
take up a little copper; and from its being more ct 
leſs of a bright red colour, a judgment is formed of the A 
purity of the metal. Copper thus refined is run into 


plates, or divided into reſeztes. To form a roſette, the 
| ſcorix 


Of Copper. 93 


ſcoriz with which copper in fuſion is covered are care- 
fully taken off. The ſurface of the metal is ſuffered 
to ſettle and fix : when it ceaſes to be fluid, it 18 ſweep- 
ed over with a wet beſom; The impreſſion of cold 
contracts it. The portion congealed ſeparates not only 


reſt of the melted metal, and is taken off with pincers, 
Moſt part of the copper in the crucible is thus taken 
WT off in 79/244es. What remains at the bottom is called 

the king. | 

Cupreous pyrites, containing but little of the metal, 
are wrought ſolely for the ſulphur and the vitriol. At 
St Bell, and in many other places, they are roaſted 
and diſtilled, in order to ſeparate the ſulphur, During 
the roaſting, a portion of the ſulphuric acid acts on the 
metal, diflolves it, and thus begins to form a ſulphate 
of copper. The roaſted pyrites are next expoſed to the 
air; and when the vjtrio/ization is ended, the pyritous 
effloreſcence is lixiviated, the lixivium filtrated and eva- 
porated, in order that it may afford a blue rhomboidal 
ſalt in cryſtals, called witriol of copper, blue vitriol, blue 
copperas, or vitriol of Cyprus. We ſhall ſpeak of it when 
we come to examine the combinations of this metal, 
under the name of ſulphate of copper. 
Copper, when expoſed to fire, takes nearly the 
lame colours with ſteel ; it becomes firſt blue, then yel- 
low, and at laſt violet. It does not melt unleſs when 
very red. When fully in fuſion, it appears covered over 
with 2 green flame : it boils, and is capable of volatili- 
zation, as may be obſerved in the chimnies of founders. 
There are alſo found flowers of copper in the crucibles 
in which it is ſmelted, Small filings of this metal, 
when 


from the edges of the crucible, but likewiſe from the 
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when thrown into the flames, give them a blue and gree 
colour, It is uſed in artificial fire-works, on accoum 
of this property. If this melted metal be lowly cooled, 
and the fluid portion decanted off, that which adhere 
to the ſides of the crucible, or roaſting. pot, employe 
in the experiment, is found in pyramidal cryſtal; 
which are larger and more regular in proportion as the 
fuſion of the metal has been niore complete, and it 
cooling more ſlowly brought on. The pyramids ar 
quadrangular, and appear to conſiſt of a number d 
octahædrons diſpoſed one over another. 

Copper heated in contact with air, burns at the ſur- 
face, and changes into a blackiſh red oxide, as it abſorh 
the baſe of vital air. This oxide may be eaſily obtain. 
ed by making a copper-plate red-hot, and then ſtriking 
it with a hammer; the oxide comes off in ſcales. The 
fame thing takes place when a copper-plate is dipped 
in cold water, after being made red-hot. The fudden 
contraction of the parts of the metal contributes to the 
ſeparation of the oxide which covers its ſurface. The 
oxide falls to the bottom of the water; it is called ſcale 
of copper. As the copper is not completely oxidated, it 
may be burnt anew under the muffle of a cupelling 
furnace; it then takes a pretty deep brown colour; 
when urged with a violent heat, it melts into a blackiſh 
or brown cheſnut-coloured glaſs. Oxide of copper 
may be decompoſed, and deprived of its oxigene, which 
deſtroys its metallic properties, by oils, reſins, &e. 
The ſcales are in part reducible by themſelves ; for 
founders buy them from copperſmiths, and uſe no 
means for their reduction but throwing them into large 
crucibles, above melted copper, with which, as they 

| melt, 


Of Copper. 68 


melt, they enter into union. The filings of this me- 
tal are melted in the ſame way. Oxide of copper 
appears to poſſeſs ſome ſaline properties; but its na- 
ture, as a ſalt, has not yet been the —_— of exami- 


nation. 


Air acts upon copper; and the more Aly. the more 
it is loaded with, and altered by moiſture. It converts 
it into a ruſt, or green oxide, which appears to have 
ſome ſaline properties: it has a taſte, and is liable to be 
ated upon by water: Such was the reaſon which in- 
duced the ancient chemiſts to conſider copper as contain- 
ing a ſalt. One thing remarkable with regard to this 
ſalt is, that it never penetrates deeper than the ſurface, 
and ſeems to contribute to the preſervation of the inte- 
rior parts of a maſs of this metal; as may be inferred 
from the ſtate of ancient medals and ſtatues, which are 
well preſerved under the coat of ruſt with which they 
are covered. Antiquaries call that ruſt patina, and ſet 
an high value on it ; becauſe it is a proof of the anti- 
quity of thoſe pieces which are covered with it. There 
are many artiſts, eſpecially Italians, who know how to 
imitate this ruſt on copper; and thus counterfeit an- 
cient pieces of bronze. 

The oxidation of copper by humid air, appears to be 
owing to water in a ſtate of extreme diviſion. This 
fluid, however, does not appear to attack copper in the 
ſame manner as iron at an high temperature. It ſhould 
rather ſeem, that cold water oxidates the metal; for it 
is known to be more dangerous to leave liquors to cool, 
than to boil them in copper veſſels. When the liquor 
is boiling, and the veſſel hot, the aqueous vapour does 
not attack the ſurface of the metal; but when the li- 

quor 
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quor is cold, the drops which adhere to the ſides of the 
veſſel appear to reduce the copper to a green oxide, 
This oxidation may be therefore aſcribed, with greg 
probability, to the operation of the air, and the carbo. 
nic acid diffuſed through it; for, on diſtilling this ruſt 
of copper in a pneumato-chemical apparatus, I obtained 
from it carbonic acid. 


Copper does not combine with earthy matters. It | 


oxide, however, contributes to their fuſion, and com. 


bines with them to form brown glaſſes of a lighter or a if 


deeper ſhade, | | 

. Barytes, magneſia, and lime, act not in a diſcerpibl 
manner on copper: we know not how they act on the 
oxide of this metal. | 

\ Cauſtic fixed alkali, digeſted cold with filings of COPs 
per, aſſumes in a certain time, a very light blue ſhade; 
and the copper is covered over with a duſt of the ſam 


colour. According to M. Monnet, theſe ſolutions ar 


better effected in cold than in heat. It is, however, d 
importance to obſerye, that he made the combinatic 
with . carbonate of potaſh, not with pure fixed alkali 
Pure fixed alkali ſeems to haye much more influence 
on copper: But neither of theſe ſalts does any thing 
more than promote and haſten the precipitation of the 
oxigene of the atmoſphere into copper; for the oxid+ 
tion never takes place without the concourſe of air. 
This phænomenon is more eſpecially remarkable, 
when ammoniac is brought into contact with copper; 
on which occaſion the metal is very ſoon diflolved. 
When ammoniac is digeſted on filings of copper, widb 
concourſe of air, it takes, in a few hours, a very beauts 


ful deep blue colour; there is not, however, much 0: 
the 
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the the copper diffolved. I have for a year obſerved the 
de. omena of this ſolution. I put into a ſmall phial a 
eat rtion of the cauſtic ammoniac with copper filings ; 
bo. the phial was often unſtopped. At the end of ſome 
uſt months, I found the ſurface of the metal covered with 
ed a blue oxide: its fides were coated with a pale blue 
oxide ; and the under part of the phial, containing the 
Its copper, diſplayed, at the ſurface of the glaſs, a brown 
"Ms oxide, the upper part of which was yellowiſh, When 
T a the phial containing this liquor is cloſely ſtopped, the 
liquor loſes its colour almolt entirely ; but whenever 
ible the phial is unſtopped, it appears again. It does not 
the WY exhibit this phænomenon in an eminent degree, except 
| in the beginning of the operation, and when it is de- 
cop, WR canted off the copper. If the ſolution be not newly 
de; made, and {till contain copper, it is of a beautiful blue 
ame colour, even in cloſe veſſels; however, when expoſed 
ao the air, its colour becomes ſtill deeper. Theſe phæ- 
„ nomena ſhow the influence of the oxigene of the at- 
tion WE moſphere. 
kali When the ſolution of copper by ammoniac is ſlowly 


evaporated, moſt part of the ſalt is diſſipated ; a portion, 
however, remains fixed with the oxide of the metal, 
and is depoſited in ſoft cryſtals ; as has been obſerved 
by M. Monnet. M. Sage aflerts, that very beautiful 
cryſtals may be obtained from this ſolution by low eva- 
poration ; and compares them to natural azure of cop— 
per. This laſt ſubſtance, however, affords no ammoniac 
yhen heated; is not ſoluble in water; and does not 
ellloreſce in the air, like that which is artificially pre- 
pared. M. Baume ſays, this compound forms very bril- 
liant cryſtals of a very beautiful blue colour. Ihis ſo- 
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lution, when expoſed to the air, becomes very ſoon dry; 
and what remains is a matter of a graſs-green colour, 


which can be nothing but a green oxide of copper. M. bY 
Sage thinks this the origin of the malachite : but thi P 
oxide does not afford near ſo much carbonic acid xz 

: b f fac 
the malachite. An acid poured into the ſolution d the 


copper by liquid ammoniac, produces ſcarce any preci. 
pitate, but changes the blue colour of the ſolution into 
a very light pale green. This phænomenon, which has 
been obſerved by Meſſrs Pott and Monnet, ſhows, that 
there is but very little oxide of copper in the ammoniac, 
and that it is again diſſolved by the acid, or by the am. 
moniacal ſalt, formed by the addition of the acid. By 
adding ammoniac to the mixture, however, it may be 
made to reſume its blue colour. Both the oxide d 
copper reduced to this ſtate by fire, and all the other 
oxides of this metal, are inſtantaneouſly diflolved in 
pure ammoniac ; and the ſalt may be thus impregnated 
with a conſiderable portion of the metal. It takes im- 
mediately a very beautiful blue colour; and on thu 
account it has been propoſed to uſe it as a teſt for 
aſcertaining the preſence or abſence of copper in ſub-i 
ſtances in which it may be ſuſpected to exiſt. : 
Ammoniacal oxide of copper, or oxide of coppæ 
united with ammoniac, is decompoſed into its two col: 1 
ſtituents, when expoſed to an intenſe heat. The ox. 
gene leaves the copper to unite with the hydrogene d 
the ammoniac, and to form water; the copper retum 
to its n. etallic ſtate, and the azote, the other principt 
of ammoniac, is diſengaged in the form of gas. Thi 
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experiment is one, among others, which led M. Bertho- 


let to diſcoyer the nature of ammoniac. It appear 
1 allo, 
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alfo, that a little nitre is likewiſe formed at the ſame 
time by the union of the azote of the ammoniac with a 
portion of the oxigene of the copper. 

= Though iron decompoſes the ſolutions of copper, in 
ad, however, by a different attraction, namely, that of 
dme iron for the oxigene, the ſulphuric acid does not 
d on copper, except when concentrated and boiling ; 
good deal of ſulphureous gas is. diſengaged while this 
Solution takes place. When the ſolution is completed, 
the two ſubſtances are found to have formed a matter 
of the conſiſtency of jelly, containing oxide of copper 
vy itſelf, and a portion of that oxide in combination 
ich ſulphuric acid. By lixiviating this matter, and fil- 


7 be rating the lixivium, a blue ſolution is obtained: when 
of vaporated to a certain- point, and ſuffered to cool, this 
ther BW lution affords oblong rhomboidal cryſtals of a beauti- 
Wi ul blue colour, which are ſulphate of copper. If, in- 
atel Mead of being evaporated, this ſolution be left for a 
im. Wong time expoſed to the air, it affords cryſtals; but 
thu 1 t likewiſe precipitates a green oxide, — the colour which 
ſot WE! oxides of copper take that are either formed or dried 
ſub⸗ in the air. 

= Sulphate of copper has a very ſtrong ſtiptic taſte; it 
PP" Bs even cauſtic. When expoſed to fire, it melts very 
col BW uickly : it loſes its water of cryſtallization, and takes 


bluiſh white colour. A, very ſtrong heat is requiſite 
o ſeparate the ſulphuric acid, which adheres much more 
W oitinately to oxide of copper than to oxide of iron. 
ulphate of copper is decompoſed by magneſia and lime: 
ae precipitate formed by either of theſe ſubſtances is of 
| bluiſh white colour: when dried in the air, it becomes 
green; on this aceount, chemiſts deſcribe the precipi- 
G 2 tates 
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tates of ſulphate of copper as green. The cafe is ab. 
ſolutely the ſame with thoſe which are obtained by fix. 
ed alkalis in different ſtates ; they are at firſt bluiſh, and 
take a green colour when dried: perhaps mountain green 
may be formed in this manner. It is of conſequence 
to obſerve, that when ſulphate of copper is precipitated 
by a ſolution of carbonate of potaſh, there is no effer. 
veſcence excited; a circumſtance which proves that th; 
carbonic acid unites very readily with oxide of copper | 
This phznomenon is not common to all ſolutions d 
metals. Ammoniac in the ſame manner cauſes ſulphat 
of copper to yield a bluiſh white ſolution ; but the mix. 
ture ſoon takes a very deep blue colour; for th: 
ammoniac diflolves in ſome meaſure the precipitatel 
copper: and a very little of that ſalt is ſufficient u 
diſſolve again the whole of the copper ſeparated frond 
the ſulphuric acid. : 


2 £..%. f 1 f J 3 
C r ＋ | 
wo 2 7 Fe * * - fl _— 4 $ 2 4 


1 p 
F 


The nitric acid diſſolves copper cold, and with rap : in 
dity. A good deal of very high-coloured nitrous ga : goc 
is diſengaged from this ſolution. This method „ litt! 
Prieſtley employed in order to obtain this gas ve the 
ſtrong. A portion of the metal, reduced to oxide, is pt moi 
cipitated in a brown powder, and ſeparated from t ſerv 
ſolution by filtration. This ſolution, after being fili % a 
ted, appears of a much deeper blue colour than the or elce 
lution of copper by the ſulphuric acid; which ſhonfſolul 
that the copper is here more completely oxidated. ThiWpoſec 
ſolution, carefully evaporated, cryſtallizes by cooling dry v 

Macquer, in his Memoir on the ſolubility of ſalts in vcr y1t 


make 
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cohul, was one of the firſt chemiſts who obſerved this fad 
If the cryſtals be very ſlowly formed, they become 0 


long parallelograms ; if depoſited more quickly, hex 
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hedr al priſms, the points of which are obtruſe and irre- 
gularly formed, and which appear like bundles of diver- 


i 

gent needles. Laſtly, when this ſolution is too quickly 
een evaporated, it affords only a magma of no regular form. 
nee WW This, no doubt, is what has made chemiſts ſay, that the 


ſolution is not ſuſceptible of cryſtallization. Nitrate of 


ated c 

Fer. l copper is of a very bright blue colour. It is ſo cauſtic, 
the 3 that it may be applied to corrode excreſcences growing 
per, 5 on the ſkin, It melts, according to M Sage, at a tem- 


perature of 77 degrees of Fahrenheit's thermometer. 
It detonizes on burning coals ; but as it contains a good 
deal of water, the phænomenon is not very diſcernible. 
When melted in a crucible, it exhales a good deal of 
nitrous vapour, which may be colleQed by diſtilling it ; 
when dried, its colour is green; when ſtill farther ur- 
ged with heat, it becomes brown: it is now nothing but 
pure oxide of copper. I have diſtilled a quantity of it 
in a pneumato-chemical apparatus, and it afforded a 
good deal of nitrous gas, a little carbonic acid, and a 
little vital air: by this operation it was reduced into 
the ſtate of brown oxide. Nitrate of copper attracts the 
moiſture of the atmoſphere. It may, however, be pre- 
ſerved for a long time in cloſe veſſels. When expoſed 
fil to a hot dry air, it is covered over with a green efflo- 
the bWreſcence. It is very ſoluble in water, and rather more 
ſhowWloluble in hot than in cold water. The ſolution, if ex- 
Tu voſed to the air in flat veſſels, or haſtily evaporated in 
oolin dry warm weather, leaves a greei oxide, ſuch as the 
s in Mcryſtals of the ſalt leave on a fimilar occaſion. Lime 
vis fa makes it yield a pale blue precipitate ; fixed alkali, a 
me oF uilh white precipitate ; by ammoniac it yields flakes 
, hex 
hdr 


e 


* 
— > 
(a # 


1 ” 1 bf 2 


| rapi 
18 7 

"W 
d L l 
ven 
is pre 
m ti 


! the ſame colour, which are very quickly diſſolved, 
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tincture. Its precipitate by alkaline ſulphures is of: 
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and communicate to the liquor a very bright deep blut 


browniſh red colour, without a fœtid ſmell ; with the 
tincture of nut-gall, it gives an olive green precipitate, 
The ſulphuric acid likewiſe decompoſes nitrate of cop. 
per; and if it be employed in an highly concentratel 
ſtate, cryſtals of ſulphate of copper are obtained. Stall 
firſt took notice of this decompoſition ; M. Monnet ha {MW 
fince confirmed the fact related by Stahl; and I have MI 
ſeveral times had occaſion to obſerve it: Iron has been 
ſaid to have a greater affinity than copper with moſt of 
the acids. When a plate of this metal is immerſed into 
a ſolution of copper in the acids, particularly in the c 
nitric acid, the copper is precipitated in a metallic form 
and colours the ſurface of the iron; but the ira 
eſfects this precipitation in conſequence of its having: 
ſtronger affinity with oxigene than copper has. Th: 
copper again, aſter loſing this principle, can no longe 
remain united with the acid, whilſt the iron, after being 
oxidated, readily continues with it. Sulphate of coppe 
diſplays the ſame phenomenon ; and jugglers, by thi 


proceſs, make ignorant people believe that they cu ſol 
change iron into copper. & the 
The muriatic acid diflolves copper only when con A 
centrated and boiling ; only a very little hydrogenou mo 
gas is diſengaged when this ſolution takes place. Ih ver 
muriatic acid takes a very deep green, almoſt a bromMf :ci 
colour. This combination forms a magma, which di not 
ſolves readily enough in water; if this magma be lid by 
viated, the water is of a beautiful green colour; a ci ral, 
cumſtance which ſerves to diitinguiſh this from the two dog 
preceding ſolutions. On evaporating it lowly, and ſu we 
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fering it to cool, it depoſites priſmatic cryſtals ſufficient- 
ly regular, if the evaporation have been cautiouſly ma- 
naged ; but if the evaporation has been too quick, and 


tate. the cooling too ſudden, they then appear under the form 
cop. of very ſmall ſharp needles. Muriate of copper is of a 
ated 


graſs· green colour, very pleaſing to behold: its taſte is 
cauſtic, and very aſtringent; it melts by a very mode- 
rate heat, and when ſuffered to cool, congeals into a 
maſs, M. Monnet affirms, that the muriatic acid ad- 
heres to it with greit obſtinacy, and that a very con- 
ſiderable heat muſt be applied to volatilize it: it power- 
fully attracts the moiſture of the atmoſphere ; it is de- 
compoſable by the ſame intermedia which decompoſe 
the preceding falts of copper. I have obſerved, that 
ammoniac does not diſſolve the oxide which it ſeparates 
from the muriatic acid, ſo readily as that which it ſe- 
parates from the ſulphuric and the nitric acids. The 
blue then formed is not ſo lively, and there remains a 
portion of the oxide, which the ammoniac does not 
thoroughly diſſolve. Neither the ſulphuric nor the ni- 
tric acid decompoſes muriate of copper. Ihe nitric 
ſolutions of mercury and ſilver decompoſe it, and are 
themſelves decompoſed at the inſtant of the mixture. 
A white precipitate is formed in conſequence of the 
muriatic acid uniting with the oxide of mercury or fil- 
ver ; and the oxide of copper combines with the nitric 
acid. I have however obſerved, that this liquor does 
not aſſume the blue colour which a ſolution of copper 
by the acid of nitre ought to have; and that, in gene- 
ral, the oxide of copper formed by the muriatic acid, 
does not aſſume this colour but with great difficulty, as 


we have already ſeen with regard to ammoniac. I have 
G 4 found, 
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found, that in general oxides of copper paſs very eaſily 
from blue to green, and with very great difficulty from 
green to blue. The muriatic acid diflolves oxide of 
copper much eaſier than copper itſelf. This has been 
obſerved by Brandt. The colour of the ſolution is x 
beautiful green; and it cryſtallizes as the former: 2 
circumſtance which proves, that in ſaline metallic com. 
binations, the metals are always in the ſtate of oxides, 
as we have already obſerved. 

Nitre detonizes with difficulty by copper. The alt 
muſt be in fuſion, and the copper very hot, in order that 
the deflagration may take place: ſtill, however, it is 
but very weak. This operation is performed by caſt. 
ing copper filings on nitre in fuſion in a large crucible, 
in order that their parts may be as much as poſſible in 
contact with each other. When the metal becomes very 
hot, a flight motion is obſerved, with faint ſparklings, 
The reſidue is a browniſh grey oxide, mixed with potaſh; 
it is waſhed ; the water takes up the alkali, which till 
retains a little copper, and the oxide of the metal re. 
mains pure. It melts alone into a deep brown opaque 
glaſs ; it is uſed to colour enamels. It is thought that 
the alkali is rendered cauſtic ; but more experiments 
are neceſſary to aſcertain this. 

Copper very readily decompoſes ammoniacal muriate 
Bucquet, who examined this decompofition with very 
great care, obtained, on making the experiment in 
pneumato-chemical apparatus with mercury, from two 
drams of copper filings, and a dram of ammoniacal mu- 
riate,——fifty-eight inches of elaſtic fluid; of which twen- 
ty-ſix inches were very pure ammoniac, twenty-fix 


inches dctonating inflammable gas, and the remaining 
: {ix 
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ſix inches a mephitic gas, which extinguiſhed lights, 
without being abſorbed by water, or precipitating lime- 
water; and was conſequently gas azote, produced by 
the decompoſition of a part of the ammoniac. There 
was a little liquid ammoniac diſengaged, of a fine co- 
lour, which ſtood immediately over the mercury. The 
reſidue was a blackiſh green maſs, one half of which 
was diſſolved in the water, and communicated to it a 
fine colour, the diſtinguiſhing characteriſtic of muriate 
of copper: the other half was a kind of brown oxide of 
copper, formed by the water of the ammoniacal mu- 
riate. On repeating this decompoſition on four ounces 
of copper to two of ammoniacal muriate, with the com- 
mon apparatus of a balloon, Bucquet obtained two drams 
and eighteen grains of blue liquid ammoniac, which 
gave a flight efterveſcence with acids, and contained 
about an inch of carbonic acid to the dram. He knew 
not how to account for the appearance of this laſt gas : 
but I ſuppoſe it might proceed from ſome impurities of 
the ſal ammoniac; for on repeating the experiment 
with ammoniacal muriate, previouſly purified by ſubli- 
mation, the ammoniac which I obtained was very 
cauſtic, and did not efferveſce in the ſmalleſt degree with 
acids, Oxide of copper likewiſe decompoſes ammo- 
niacal muriate, and communicates to the ammonjiac 
which it diſengages a portion of carbonic acid, that ren- 
ders it efferveſcent. This alkali is always blue, becauſe 
it takes off with it a fmall portion of oxide of copper, 
which colours it. Acids, however, do not precipitate 
an atom of the metal. There are two medicines pre- 
pared in pharmacy with ammoniacal muriate and cop- 


per; the former of which has received the name of cup- 
rents 
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reous ammoniacal flowers, or ens venerit. This is no. 
thing but ammoniacal muriate, coloured by a little oxide 
of copper. A mixture conſiſting of eight ounces of this 
falt, with a dram of oxide of copper, is ſublimated in twy 
earthen pots, the one placed over the other. All the am- 
moniacal muriate is volatilized without being decompo. 
ſed ; and it carries off with it a little oxide of copper, i 
which communicates to it a bluiſh colour. The ſecond, Mi 
called celęſtial water, is prepared by putting an ounce of 1 
ammoniacal muriate, with a pound of lime- water, into: 
copper baſon, and ſuffering the mixture to ſtand in it for 
ten or twelve hours. The lime diſengages the ammonia, 
which diſſolves a little of the copper of the baſon, and by 
that means acquires a blue colour. Celeſtial water may 
be made in a glaſs, or an earthen veſſel, by adding a 
ſmall quantity of filings, or oxide of copper, to the lime. 
water and ammomacal muriate. 

It appears, that copper decompoſes aluminous ful. 
phate ; for when a ſolution of this ſalt is boiled in a cop- 
per veſſel, there is a little aluminous earth precipitated; 
And when this alumine is precipitated by ammoniac, the 
earth aſſumes a blue colour, which indicates the preſence 
of copper. This effect may be likewiſe aſcribed to the 
exceſs of acid, which aluminous ſulphate always contains, 

Hydrogenous gas does not act upon copper, but re. 
duces the oxides of copper, by robbing them of thei: 
oxigene ; with which principle hydrogene has a greater 
affinity than copper has. 

This metal combines very readily with ſulphur. The 
combination may be effected in the humid way; that 
is, by mixing flowers of ſulphur with copper filing 
moiſtened with water; but it ſucceeds much ſooner in 
the 
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the dry way. To accompliſh it in this way, a mixture, 
conſiſting of equal parts of ſulphur in powder and cop- 4 
per filings, is expoſed to fire in a erucible, which is gra- 
dually heated till it become red-hot; from this com- 
dination there reſults a blackiſh grey maſs, a ſort of 
mat of copper, which is brittle, and more fuſible than 
copper. This compound is prepared for dyeing, and 
for painting Indian ſtuffs, by laying in a crucible al- 
ternate-ſtrata of copper and ſulphur in powder, and 
heating the crucible- in the manner above mentioned. 
| | The mat thus formed 1s pulverized, and receives the 
name of &s veneriss Alkaline ſulphures and ſulphura- 
ted hydrogenous gas, act in a ſufficiently eminent man- 
ner on copper. The former ſubſtances diſſolve this 
metal, either by the dry or by the humid way : the latter 
communicates an high colour to its ſurface ; but the 
mutual effect of theſe ſubſtances and copper have not 
been farther examined, 

Copper forms an alloy with various metals ; with arſe- 
nic it becomes white and brittle, and ſo forms white 
tombac. 

It combines with biſmuth; forming with it, ac- 
cording to Gellert, a reddiſh white alloy, with cubic 
facets. 

It enters very readily into union with antimony, form- 
ing with it the cupreous regulus diſtinguiſhed by a beau- 
tiſul violet colour. It decompoſes ſulphure of antimo- 
ny, and combines with the ſulphur which it detaches 
The from the ſemi- metal. 

With zinc it combines very readily. This combina- 


that 

ng tion may be effected in two ways; 1. By fuſion, a 
- in metal 1s obtained of the colour of gold, much leſs liable 
the to 
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to ruſt than pure copper, but at the ſame leſs dye. 
tile. The more this metal reſembles gold, the brittle 
it is: beſides, its nature varies according to the. pro. 
portion in which the two ſubſtances are mixed toge. 
ther, and the precautions taken in melting them ; itz 
varieties are fimilar, pinchbeck, Prince Rupert's metal, 
and Manheim gold, 2 By cementing plates of copper 
with native oxide of zinc, or lapis calaminaris reduced 
to powder and mixed with coal, and making the cry. 
cible in which they are contained red-hot ; the copper 
then forms yellow braſs, This laſt compound is not 
ſo liable to ruſt as copper : it is equally malleable, and 
more fuſible ; but if expoſed for ever ſo ſhort a time to 
a ſtrong heat, it loſes its zinc, and becomes red copper 
again. 

Copper combines with mercury, but not readily ; yet 
by triturating very thin leaves of copper with mercury, 


the mercury being reduced and precipitated by the cop- 
per, which has a greater affinity than mercury with 
oxigene. ä 

Copper and lead combine very well by fuſion ; as 
appears by the formation of the loaves of eliqua 
tion. 

It is combined with tin in two ways; either by pour. 
ing melted tin on the ſurface of a plate of copper, ot 
by melting the two metals together. The former ope- 
ration is uſed in tinning copper; the latter forms 
bronze. Copper veſſels to be tinned, are firſt well ſcour- 
ed, to render the ſurface on which the tin is to be ap- 

| plied 


theſe metals may be formed into a fort of amalgam, i 
A plate of this metal, immerſed into a ſolution of mer. 
cury by an acid, takes a fine filver colour, owing to i 
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luc: plied ſmooth and bright. They are next rubbed with 
ther ammoniacal muriate, to make them perfeQly clear. 
Pro. a They are then made hot, and powdered roſin is caſt 
85. upon them. This ſubſtance covers the ſurface of the 
copper ſo as to prevent it from being oxidated. At laſt 
tal, me melted tin is poured on, and ſpread over it. Com- 
1 | plaints have been made, and with good reaſon, that 
cel : che tinning of copper veſſels is not ſufficient to defend 
cru. them from the action of air, of moiſture, and of falts 
per 3 becauſe ſuch veſſels are often obſerved to be covered 
not with verdigris. This might be effectually remedied by 
and BY laying on a thicker coat of tin, were there not reaſon 
e to WR + fear that when fuch veſſels are expoled to any de- 
per gree of heat above that of boiling water, the tin is then 

liable to be melted, and thus to expoſe the ſurface of 
yet the copper uncovered. To prevent ſuch an accident, 
ay, the tin may be alloyed with iron, filver, or platina, to 
_ render it harder and leſs fuſible, in order that it may 
ner. be laid in thicker layers on the copper. Mixtures of 
3.00 this kind are already made uſe of in ſeveral manufaQo- 
„ ries. It is amazing how ſmall a quantity of tin is ſut- 
vit 


ficient to tin copper; for Meſſrs Bayen and Charlard 
have aſcertained, that a pan nine inches in diameter, 
and three lines in depth, gained only an additional weight 
of one and twenty grains by being tinned. This trifling 
quantity, however, is ſufficient to prevent the danger 
which might otherwiſe ariſe from the uſe of copper 
veſſels, when care is taken not to ſuffer ſubſtances ca- 
pable of diſſolving tin to remain too long in ſuch veſſels, 
and eſpecially to renew the tinning frequently, as fric- 
ur. tion, heat, and the action of the ſpoons uſed in ſtirring 
ap- ſubſtances boiled in them, very ſoon deſtroy the tin- 
ed ning. 
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ning. There is one thing, however, reſpecting the tin 
uſed by copperſmiths for tinning pans, which we cannot 
be too much on our guard againſt. It is often alloyed 
with one fourth-part of lead; the bad effects of which 
are to be feared, as lead is well known to be very ſoluble 
in fats and acids. Government ſhould therefore take 
meaſures to prevent copperſmiths from being cheated 
when they purchaſe their tin, and from employing the 
tin of Malacca or Banca, in any other ſtate but as it 
comes from the Eaſt Indies, before being melted a 
gain, and having its purity debaſed by our tin. 
| workers. 

M. de la Folic, a citizen of Rouen, who merits the 
reſpect of the public for thoſe chemical reſearche 
which he has proſecuted on matters relative to the arts, 
and for the uſeful diſcoveries with which he has enriched 
dycing, pottery, and many other of the manufaRQtures 
carried on at Rouen; has propoſed, in order that the 
inconveniences and dangers attending the uſe of tinned 
copper may be avoided, to employ, in its ſtead, iron 
plated with zinc; which, as we have already ſeen, is 
productive of no dangerous effects. Many people 
have already adopted the uſe of ſuch veſfels with ad- 
vantage; and it is to be wiſhed, that they were in gene. 
ral uſe. 

Tin, melted with copper gives a metal, the ſpecific 
gravity of which is greater than that of either of the 
two metals of which it is made up, in conſequence of 
their mutually penetrating each other in a very inti- 
mate manner. The preater the proportion of tin in this 
mixture, ſo much the more white, brittle, and ſonorous, 


is che mixture. When very white, it is called bel}-meral: 
when 
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when it contains more than an equal proportion of cop- 
per, it is yellow, and bears the name of bronze, or braſs. 
It is moulded into ſtatues and into cannons, which muſt 
be ſo ſolid as not to burſt by a moderate force; and at 


| the ſame time not ſo duQtile as to loſe their form by the 


impulſe of bullets. 

Copper and iron may be united by fuſion or by ſol- 
dering. This combination, however, does not very 
eafily ſucceed. When a mixture of theſe two metals is 
melted in a crucible, the iron is found to be often inter- 
mixed, but not perfectly united with the copper. Cop- 


per decompoſes the mother water of ſulphate of iron; 


and yet iron has a greater affinity than acids with cop- 


The uſes to which copper is applied are very various, 
and very well known. A great variety of utenſils are 
made out of it. Yellow copper, or an alloy of copper 
with zinc, is principally employed for ſuch purpoſes, on 
account of its ſuperior ductility and beauty. Copper 


q being a very violent poiſon, ſhould never be adminiſter- 


edas a medicine. The remedies moſt uſually applied in 


dhe caſe of poiſoning by copper reduced to oxide cr ver- 


digris, are emetics, water drunk in large quantities, alka- 


une ſulphures, alkalis, &c. 


Sulphate of copper contains in the hundred weight 30 lib. of acid, 
43 A. of water, and 27 4b. of copper. 

M. Chaptal obtained from a ſolution of copper in the nitric acid, 
by flow ſpontaneous evoporation, ite rhomboidal cryſtals, which de- 
crepitated upon the coals, emitted by heat, a red gas, and left a grey 
oxide, H. | 
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Of Silver, 


ILVER, called Luna, or Diana, by the alchemilty, 

is a metal of a white colour, and the moſt lively 
brilliancy. It has neither taſte nor ſmell. Its ſpecific 
gravity is ſuch, that it loſes in the hydroſtatic ba 
lance about one-eleventh part of its weight. A cubic 
foot of this metal weighs ſeven hundred and twenty 
pounds. So great is the duQility of filver, that it may 
be reduced to leaves as thin as paper, and to thread 
finer than hairs. A grain of ſilver may be extended bl 
as to contain an ounce of water. Its tenacity is ſo con- 
ſiderable, that a wire of filver, one tenth of an inch 
in diameter, is ſufficient to ſupport the weight of two 
hundred and ſeventy pounds without breaking. 1 
poſſeſſes hardneſs and elaſticity in an inferior degree u 
that in which copper poſſeſſes theſe qualities; it is, next 
after copper, the moſt ſonorous of all metals. It becomes 
hard under the hammer, but may be eaſily deprived 


by heating of the hardneſs which it thus acquires 
| I Mefiri 
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Meſſrs Tillet and Mongez have cryſtallized filver. They 
obtained it in quadrilateral pyramids, ſometimes ſolitary 
on the edges of the crucible, at other times laterally united 
in groups. | . 

Silver is found in various ſtates in nature. The fol- 
lowing are the ſilver ores moſt ſtrikingly diſtinguiſhed 
from each other. | 

1. Native or virgin filver. It is known by its luſtre 
and duRility. It appears under an amazing variety of 
forms. It is frequently in irregular maſſes, the ſize of 
hich is more or leſs conſiderable; - It is ſometimes in 
apillary threads twiſted round ; its formation then ap- 
ears to be owing to the decompoſition of a red ſilver 
pre, as has been obſerved by Henckel and M. Rome de 
Lille. It is likewiſe found in plates, or in pieces of net- 
rork reſembling ſpiders webs, which the Spaniards 
dn this account call arant ; ſometimes again in a ve- 
petable form, or in branches conſiſting of octohædrons 
iſing one over another. Some of theſe ſpecimens re- 
emble the fern- leaf, others are ſeparate cubes and octo- 
c drons, with truncated angles; but theſe laſt are rare. 
ative ſilver is often diſperſed in a quartzoſe gangue; 
is ſometimes found in fat earths. It is found in 
Peru, in Mexico, at Konſberg in Norway, at Johan 
eorgenſtadt and Ehrenfriederſdorf in Saxony, at 
pt Marie, at Allemont in Dauphiny, &c. This me- 


nis not known to exiſt in nature in the ſtate of 
ride. 
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2. Native filyer, in union with gold, copper, iron, 
ntimony, or with gold and copper together, or with 
renic and iron together. Theſe various native com- 
nations of ſilver are found at Freyberg in Saxony, 
Vol. III. H and 
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and in the mines of Guadal-Cfhal in Spain. But it is 
to be obſerved, that the proportion of the extraneou 
ſubſtances is very trifling. 

3. Vitreous filver ore conſiſts, according to moſt mi, 
neralogiſts, of ſilver and ſulphur. It is of a blackih 
grey colour like lead ; it is alſo brown, greeniſh, yel. 
lowiſh, &c. and it may be cut with the knife as well 
as that metal. It is frequently irregularly ſhaped, ſome. 
times in octohædral cryſtals, the angles of which are 
truncated. M. Monnet takes notice of a variety, which, 
inſtead of being diviſible by the knife, falls into 
powder. This ore affords from ſeventy- two to eighty: 
four pounds of ſilver in the hundred weight. It melts 
very eaſily : when expoſed to a heat ſo moderate 
as not to melt it, the ſulphur is diſſipated, and leaves b 
the virgin filyer in a vegetative form, or in fila. 
ments. | 

4. Red filver ore is often, of a deep colour, ſome. 
times tranſparent, and cryſtallized in cubes, with their [ 
edges truncated, or in hexahædral priſms, terminating 1 
in trihzedral pyramids ; at Potoſi this is called 7H clen 5 0 
The ſilver is combined in it with ſulphur and arſenic. 
When it is broken, its colour is lighter within, an 
it appears to conſiſt of ſmall needles or priſms, conver : 
ging like ſtalactites. If expoſed, with proper manage 
ment, to a fire ſtrong enough to make it red-hot, the ; 
filver is reduced, and takes a capillary vegetative form, f 
like native ſilver. It affords from fifty- eight to ſixty 
two pounds of ſilver in the hundred weight. Thu 
ſpecies is diverſified into varieties, by the propertia 
of colour, form, and gravity, &c. It is generally founil 
in all ſuch plates as contain the other filver ores. 

5. Sul 
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5. Silver with arſenic, cobalt, and iron mineralized 
by ſulphur. Bergman' ſays, that in this ore the filver 
is ſometimes above the proportion of , his ore is 
ſometimes grey and ſparkling, ſometimes of a dark and 
duſky appearance; effloreſcences of cobalt are obſer- 
vable upon it. The ſilver ore called gege- dung belongs 


to this ſpecies. | 


me- 6. The grey ſilver ore, which differs from the cop- 
1 are per ore called Fablertz only in containing a larger pro- 


portion of this precious metal. It is either in maſſes or 
in triangular cryſtals, with their ſides cut ſloping. The 
largeſt of theſe cryſtals are not of a very bright colour ; 
the ſmall, being diſperſed over a ſmooth gangue, are of 
ſo lively a luſtre as to afford a very pleafing ſpectacle 
when light falls upon them. Grey ſilver affords from 
two to five marks of filver in the hundred weight. 
Grey ſilver is ſometimes introduced into organic mat- 
ters, and moulded into an exact imitation of their form. 
It is then called feured ſilver ore. Of this kind is that 
reſembling blades of corn, and that which M. Rome de 
Lille has obſerved in the form of the cones and ſcales of 
the pine-tree. This ore contains ſilver, copper, iron, 
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„ and A arſenic, and ſulphur. When the proportion of the iron 
2nver- is very ſmall, it is then called wwhite filver ore. This 


latter ore is not to be confounded with galena contain- 
Ing filver, which is ſometimes called by the workmen 
Der ore. 

7. Black ſilver ore, called by the Spaniards nigrille, 
o, according to Meſſrs Lehman and Rome de Lille, no- 
ning but red or grey ſilver ore decompoſed, and brought 
nto a kind of middle ſtate between its original ſtate 
ad that of native filver : it is ſometimes found to con- 

3 tain 


nag. 
t, the 8 
form 
ſixty | 
TW 
pertia|i 
founl 


Siken 


1 16 | Of Silver. 


tain native ſilver. The latter of theſe two mineralo. 
giſts has obſerved, that when ſolid, ſpongy, or worm. 
eaten, it may be conſidered as produced from the ret 
and vitreous ores, and is then richer than when friable 
and pitch-coloured ; when it may be conſidered as ori. 
ginating from the alteration of grey or white filver ore, 
It therefore affords various products. In general, it af. W 
fords from fix or ſeven to nearly ſixty pounds of ſilver WM 
in the hundred weight, | 
8. Corneous ſilver ore, or the natural combination of 
filver with muriatic acid, and a little ſulphuric acid, 
is a pearl-grey, a violet-grey, or a yellowiſh grey; 
ſometimes, though but ſeldom, it is ſemi-tranſparent; 
it is ſoft, and may be eaſily cruſhed or cut: i 
melts at the flame of a taper. Ir is found in ci. 
bic cryſtals, but ofteneſt in irregular maſſes. It fre 
quently contains lumps of native filver. It was for 
merly thought to contain ſulphur and arſenic ; but mi 
neralogiſts have now agreed in reſpect to its nature, 
Meflrs Cronſtedt, Lehman, and Sage, Woulfe, Lomme;, 
and Bergman, have found it to contain muriatic acid, 
which is diſengaged by heat. Woulfe has beſides aſcer 
tained, that it contains ſulphuric acid. It is found at Saxo l 
ny, at St Marie, at Guadal-Canal in Spain, and at All: 
mont in Dauphiny. ; 
9. The ſoft ſilver ore of Wallerius, is ſilver either ni 
tive or mineralized, and intermixed with more or lc 
coloured earth. Earths containing filver vary in colou 
from a dirty grey to a deep brown. | 
10 Laſtly, Silver is often found in combination wit 
other metallic matters in ores, the hiſtory of which vi 
have already given. Such are miſpickel, the grey c 
| bah 
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balt ore, kupfernickel, or nickel ore, ſulphure of anti- 
mony, which often affords the variety called filver ore 
in feathers, blende, galena, martial pyrites, and white cop- 
per ores : the latter are only grey ſilver ores. All of 
theſe ſubſtances, many times, contain ſo much filver as 
renders the working them for the ſake of this precious 
metal profitable: But it is eaſy to ſee, that they can- 
not, with any propriety, be deſcribed as peculiar filver 
ores; and deſerve only to be mentioned as containing 
ſilver. ; 

Silver ores are aſſayed in various ways, according to 
the nature of the ore. All that is ſtrictly requiſite in 


aſſaying ſuch as contain native filver, is to pound and 
waſh them. In order to ſeparate the metal entirely 


from extraneous ſubſtances altering it ; after being waſh- 
d, it may be triturated with running mercury. The 
mercury diſſolves the ſilver, and being then volatilized 
dy fire, leaves the perfect metal ſeparate. Sulphureous 
ilver ores need to be roaſted, and afterwards melted 
vith a greater or a leſs quantity of flux. The ſilver ob- 
ained by this melting is commonly alloyed with lead, 
opper, iron, &c. To ſeparate it, and to aſcertain exact- 
y what quantity of the precious metal this mixture 
ontains, a proceſs entirely chemical, and founded on 


als, is employed. As lead is ſuſceptible of vitrification, 
nd acts in the quality of a flux on the imperfect me- 
als, ſuch as iron and copper, but is incapable of affect- 
g filver in the ſame manner; lead is therefore 
mployed to ſeparate the perfect metal from ſuch im- 
ertect metals as alter it. The greater the proportion 
che extraneous matters by which the ſilver is alter- 
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ed, ſo much the more lead muſt be made uſe of to fe. 
parate them. This alloy is put into flat porous veſſels, 
made of calcined bones and water. Theſe roaſting 
pots, which are called cupelt, as being in the form of 

ſmall cups, are proper for abſorbing the lead-glaſs form. 
ed in this operation. The filver after this remain 
pure. In order to determine what quantity of the in. 
perfect metals any maſs of filver eontains, it is conf. 
dered as conſiſting of twelve parts, which are callel 
penny-weights ; and each of theſe conſiſts of twentj . 
four grains. If the maſs of ſilver under examination 
has loſt in the cupels only the twelfth part of its weight, 
it is called /hver eleven penny-weights : if it has lot 
but a twenty-fourth part of its weight, it is r elevn Y 
penny-weights and twelve grains fine, and ſo on. I 
cupel is found, after this operation, to have acquired zi 
conſiderable addition of weight; it contains vitreouſ 
oxide of lead, and of the other imperfect metals, wid 
were in combination with the filver, and have been b 
parated by the lead. As the lead almoſt always cot J 
tains a little ſilver, it muſt be at firſt cupelled by! X 
ſelf, in order to aſcertain what quantity of filver ! 1 
contains; from the button of fine ſilver obtained, i 
deduction muſt be made for the ſmall portion know 
to be contained in the lead which is employed, and i 
called a witneſs. The cupellation exhibits a phznone 4 | 
non from which the artiſt underſtands the ſtate of H 
operation. As the ſilver becomes pure by vitrificatio : | 
and the ſeparation of the lead, it aſſumes a much moi 
brilliant appearance than that with which the lead! | 
ſtill intermixed. The luſtre by degrees increafes ; 
when the whole ſurface of the metal becomes pure aF 
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of a dazzling brightneſs, —at the very inſtant when the 
whole aſſumes ſuch an appearance. the operation is fi- 
niſhed. The filver, after being thus cupelled, is entire- 
ly purified from the imperfe&t metals which it before 
contained: but it may ſtill contain gold; and a new 
proceſs muſt be employed to ſeparate the two perfect 
metals. As gold is much leſs liable than filver to be 
altered by a great many menſtrua, the filver is diſſolved 
by the nitric or the muriatic acid, and by fulphur ; and 
the gold, which is fcarce liable to be affected by theſe 
ſolvents, remains pure. This way of ſeparating filver 
from gold is called parting. We will ſpeak of the va- 
rious ways of parting theſe metals, after deſcribing in 
what manner the ſeveral ſolvents which are uſed for 
this purpoſe act upon the filver, and when we treat of 
the alloy of ſilver with gold. N 

The proceſſes, in the great way, for extracting ſilver 
hid from its ores, and obtaining it pure, are nearly the ſame 
ray = with thoſe which we have deſcribed as proper for aſ- 
cu ying the ores of this metal. There are, in general, 
bree modes of treating ſilver in the great way. The firſt 
Wconlilts in triturating virgin ſilver with mercury: this 
Wamaloam is waſhed, to purify it entirely from earth: it 
Wis then ſtrained through goat-{kin, and diſtilled in an 
ron retort ; after which, the ſilver is melted, and run 
ato ingots. This proceſs cannot be applied to ſilver 
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mixed with lead, in order to refine the precious metal 
_ cupellation. This is the proceſs to which rich ſilver 
lead res are ſubjected. As to ſuch as are poor, the method 
employed upon them is different from either of theſe 
wo, They are melted without being previoully roaſted, 
H 4 with 


ure 2» 


res containing ſulphur. Theſe muſt be roaſted and 
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with a certain quantity of pyrites. This is called cru 
fuſion, and affords a mat of copper containing filyer, 
which is treated with lead by eliquation. The lead 
which takes up the filver as it melts, is afterwards ſc. 
rified in the cupel, and then leaves the perfect met] 
pure. Cupellation in the great way differs from that 
which is performed in the ſmall way; for, whereas in 
the former the ſcorified lead is blown over the edges of 
the cupel with bellows, in the aflay the vitrified oxide 
of lead is abſorbed by the cupel. | 
The ſilver obtained by the proceſſes which we hav 
deſcribed, is, in genera}, much leſs liable to alteration 
than any of the other metals of which we have as ya 
given the hiſtory: The contact of light, however long 
the metal remain expoſed to it, produces no change of i 
its properties. Heat melts it, makes it boil, and volat- 
- lizes it, but without altering its nature. An heat ſu. 
ficient to make it become firſt red, and afterward 
white, is requiſite to melt it: it is more fuſible tba 
copper. After being kept for ſome time in fuſion, i 
ſwells, and exhales vapours, which are nothing but (1. 
ver volatilized. What puts this fact beyond doubt is, 2 
that portions of the metal are found in the funnels di 
chimnies in which it is melted in large quantities. IM 
is confirmed by a fine experiment of the Academiciaui 
of Paris; they expoſed very pure filver to the focus di 
M. de Trudaine's lens, and obſerved the melted me 
tal to diffuſe a thick ſmoke, which being intercept 
by a plate of gold, was fixed upon it, and whitenelf 
its ſurface, 
Silver, when ſlowly cooled, is ſuſceptible of a regs | 


lar form, and cryſtallizes in quadrangular pyramid len 
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M. Baume obſerved, that this metal takes, as it cools, 
a regular form; which appears from its ſurface being 
covered over with filaments reſembling the threads of 
+ feather, I have remarked, that the button of fine 
filver obtained by cupellation, often exhibits on its ſur- 
face ſmall ſpaces with five or ſix ſides, arranged like 
the flags of a pavement. But its cryſtallization in 
tetrahazdral pyramids has not been carefully exa- 
mined by any but Meſſrs Tillet and the Abbe Mon- 
ez. 
6 It was long imagined, and many chemiſts are ſtill of 
opinion, that ſilver is ſecure againſt the joint action of 
heat and air. It is certain that this metal ſuffers no ap- 
parent alteration when held for ſome time in fuſion, 
and in contact with air. Juncker, however, related, 
that on treating ſilver for a conſiderable time by rever- 
beration, in the way of Iſaac of Holland, he found it to 
change into a vitreous oxide. This fact has been con- 
firmed by Macquer. He expoſed filver twenty times ſuc- 
ceſlively in a porcelain fgrucible, to the heat of the por- 
celain furnace at Seves, and obtained, by the twentieth 
fuſion, a vitreous matter, of an olive-green colour, 
which he conſidered as a true vitreous oxide of ſilver. 
When this metal is heated in the focus of a burning- 
glaſs, its ſurface is always covered with a white pulveru- 
lent matter, and @ greeniſh incruſtation is formed on 
the body on which it reſts. Theſe facts remove every 
doubt that could be reaſonably entertained of the al- 
teration of ſilver in ſuch circumſtances. Though much 
more refractory againſt all attempts to reduce it to an 
oxide than any other metal, yet is it liable to be at 
length changed into a white oxide, which, when treated 
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in a very ſtrong fire, takes an olive-green colour. þ 
might perhaps be poſſible to obtain an oxide of ſilver, 
by reducing the metal to very thin plates or leaves, and 
heating it for a conſiderable time in a matraſs, in the 
ſame way as is done with mercury. The electric ſpark 
appears likewiſe to oxidate ſilver. It is certain, at leaf}, 
that this metal has but a very faint tendency to com. 
bine with the baſe of vital air, and that heat does not 
contribute to this combination ſo much as in the caſt 
of any of the other metals; but, on the other hand, 
deſtroys it by a very flight effort; for all the oxides of i 
ſilver may be eaſily reduced without addition; and 
oxigene muſt therefore be but very imperfectly com. 
bined with the metal, ſince it can be detached from 
it ſo as to form vital air, by the action of light and heat 
alone. | 
Silver is liable to no alteration from air; its ſurface, 
in a long ſpace of time, is a very little ſullied by the 
action of the atmoſphere. Water acts not upon it: 
earthly matters do not combine with this metal: Is 
oxide, if meited with glaſſes, would probably commu- 
nicate to them an olive-green colour. 
„Neither the alkalis nor the falino-terrene ſubſtance 
act in a ſenſible degree on filver. The IA acid, 
when highly concentrated and boiling, and when the 
metal is preſented in a ſtate of extreme diviſion, diffolves 
it. A conſiderable quantity of ſulphureous acid gas 
is diſengaged from this ſolution ; and the filver is re 
duced to a white matter, on which a new quantity of 
ſulphuric acid muſt be poured, in order to diſſolve it. 
By evaporating this liquor, ſulphate of ſilver is obtain- 


ed in ſmall needles, I have ſeveral times obtained thi 
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fiſt in plates, formed by the longitudinal junction of a 
number of theſe needles. This falt melts when expo- 
fed to fire, and is of a very fixed nature. It is decom- 
poſable by alkalis, iron, copper, zinc, mercury, &c, 
All the precipitates obtained by alkalis may be reduced, 
without addition, to fine filver, in cloſe veſſels. 

The nitric acid oxidates and diflolves filver rapidly, 
even without the help of heat. This ſolution even takes 
place at times fo quickly, that to prevent the inconve- 
niences ariſing from this circumſtance, it is found ex- 
pedient to have the ſilver in lumps when expoſed to the 
acid. A conſiderable quantity of nitrous gas is diſen- 
gaged on the occaſion, and a white precipitate is pro- 
duced, more or leſs in quantity, if the acid of nitre have 
deen mixed with any portion of ſulphuric or muriatic 
acid. The nitric acid uſually gives it a blue or a green 
colour. If the ſilver be pure, it loſes that colour, and 
becomes tranſparent as ſoon as the ſolution is fully ac- 
compliſhed: but if the ſilver happen to contain copper, 
the ſolution retains a lighter or deeper greeniſh ſhade. 
The pureſt filver that can be obtained often contains 
gold. In this caſe, as the nitric acid is ſcarce capable 
of acting on that metal, when it acts on the ſilver it 
ſeparates ſmall blackiſh flakes, which fall to the bottom 
of the veſſel, and prove to be gold. It is in conſequence 
of the nitric acid acting in fo different a manner on 
theſe two metals, that it is happily employed to ſeparate 
them in the operation of parting by aquafortis. The 
nitric acid diſſolves a quantity of ſilver equal to half its 
own weight. This ſolution is exceedingly cauſtic ; fo 
much ſo, that it produces black ſpots on the epidermis, 


ans eats entirely through it. When fully eſtimated, 
it 
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it depoſites thin bright cryſtals, like the boracic acid: 
when half the quantity is evaporated, it affords, by cool 
ing, flat cryſtals, which are either hexagonal, or trian. 
gular, or ſquare, and appear to conſiſt of a great many 
ſmall- needles joined laterally. Theſe flat cryſtals are 
obliquely arranged one over another. They are tray. 


ſparent and very cauſtic. They are called Lunar cry. i 


fals: their proper name is nitrate of ſilver. This ſalt 


is ſpeedily altered by the contact of light, and rendered N 


black by combultible vapours. When placed on a bum, 


ing coal, it readily detonizes, leaving after the detona i 


tion a white powder, which conſiſts of pure filver: 


it is very fuſible. If expoſed to fire in a crucible, i 


ſwells at firſt as it loſes the water of its cryſtallization; 
and after that, remains in fuſion without motion. If 
ſuffered to cool in this ſtate, it becomes a grey malkz 
ſlightly needled ; a preparation which is known in fur. 


gery under the name of Lapis infernalis, But there i 
is no occaſion to make uſe of cryitallized nitrate of (il. 
ver when we wiſh to obtain this medicine; the pt 
ceſs by which it is made up is too tedious, and too e 
penſive. It is ſufficient to evaporate to dryneſs a ſolu W 
tion of ſilver by the nitric acid, to put the reſidue in 
filver crucible or ladle, as M. Baume adviſes, and to * 
heat it ſlowly till it melt: it may be then run into; ; 
mould, to give it the form of ſmall cylinders. Wha 
theſe cylinders are broken, they appear to conſiſt of 
needles diverging in radii from the centre of the cylin-i 
der, and terminating at its circumference. In compoſing 
the inſernal Rene of nitrate of ſilver, we muſt beware oi 
heating it too long; otherwiſe a part of the ſalt will be 


decompoſed, and formed into a button at the bottom «i 
the 
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the crucible. In order to have an opportunity of ob. 
ſerving what paſſes in this operation, I diſtilled this ſalt 
in a pneumato-chemical apparatus; I obtained nitrous 
gas and vital air, mixed with azotic gas. In my ma- 
traſs I found the ſilver entirely reduced; the glaſs was 
become opaque, like enamel, and was of a beautiful 
cheſnut-brown colour. The brown colour which the 
glaſs takes on this occaſion muſt, no doubt, be owing 
to oxide of manganeſe, or ſome other ſubſtance contained 
in it; for the colour of glaſs formed of oxide of ſilver 
is nearly an olive green, as we have already obſer- 
ved. 

Nitrate of ſilver does not attract moiſture when ex- 
poſed to the air; it diſſolves very readily in water; and 


1 may be cryſtallized from the ſolution by a flow evapo- 
nal, ration of the fluid. 

fur The nitric ſolution of ſilyer is decompoſed by ſalino- 
there errene ſubſtances and alkalis; but the phænomena 


ary greatly, according to the ſtate of theſe matters. 
Lime- water produces a very copious olive - coloured pre- 
ipitate. Fixed alkali, ſaturated with carbonic acid, 
makes it yield a white precipitate: cauſtic ammoniac 
auſes it to afford a grey precipitate, inclining to olive- 


„ 


1d to reen. This precipitation does not take place till a 

nto i onſiderable time after the two ſubſtances have been 

When : Ixed, 

it od Although the nitric acid act with a ſtronger energy on 

cylin. över than any of the other acids, there are, however, 
5 thers which have a greater affinity with its oxide, and 


dhere to it with more obſtinacy : the ſulphuric and the 
Wn uriatic acids detach the oxide from the nitric acid. For 
lis reaſon, when a few drops of either of theſe acids are 
poured 
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poured into a nitric ſolution of ſilver, a precipitate i; 
produced; which, when the ſulphuric acid is employed, 
is a white powder ; and when it owes its origin to the 
muriatic acid, is in thick flakes like a coagulum. In the 
former caſe, the precipitate is ſulphate of filver ; in the 
latter, muriate of ſilver. As neither of theſe two ſalts i 
very liable to ſolution, they therefore ſubſide.in a preci 
pitate. It is not nec eſſary that the acids be in a ſtat 
of liberty when applied to this purpoſe ; the neutral ſalts 
which are formed by their combinations with alkalis and Wi 
ſalino-terrene ſubſtances, ſerve the purpoſe equally well 
A double decompoſition and a double combination the 
take place; for the nitric acid, ſeparated from the filver, = 
enters into combination with the baſe of the ſulphuric 
muriatic ſalt, x | 
On this difference among the acids, in reſpe to thy 
manner in which they act upon filver, there is foundeliif 
a proceſs which is employed to procure the nitric adi 
in an high ſtate of purity, and unmixed with any otbe P's 
acid: in a word, in that ſtate in which it is requiſite to 
have it for many operations in metallurgy, and for mot | 
chemical experiments. Diſtilled ſpirit of nitre is gene 
rally mixed with a certain quantity of ſulphuric or mu 
riatic acid; and chemiſts have therefore induſtrioulj 
ſought to ſeparate theſe extraneous fluids, and ha 2 
found no happier expedient than the uſe of the nim 
ſolution of filver. This ſolution is poured into the in Ve 
pure nitric acid till it ceaſe to produce a precipitate; 
the ſediment of ſulphate or muriate of ſilver is ſuffered 4 am. 
to ſettle; the acid is decanted off, and diſtilled by a m6 f 
derate heat, to ſeparate from it that ſmall quantity d ; 
ſalts of ſilver which may {ill be contained in it. The pH 
| duc 
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an ounce of this liquor put a ſmall ball of a ſoft amal. 
gam of ſilver, and the precipitation of ſilver will imme. 
diately take place. The filver being precipitated and 
combined with a part of the mercury, is depoſited in 3 
kind of priſmatic filaments on' the ſurface of the amal. 
gam. Other filaments riſe above the firſt, ſo as to pre. 
ſent a kind of vegetation in the form of a buſh. Laſtly, 
M. Baume has deſcribed a way of obtaining a tree of 
Diana, a little different from Homberg's proceſs, and 
more infallibly attended with ſucceſs. He direQs to 
mix ſix drachms of the ſolution of filver, and four 
drachms of a ſolution of mercury, by the nitric acid, 
both fully faturated ; to add to the mixture five ounces 
of diſtilled water ; and then to pour it into an earthen 
veſſel, upon ſix drachms of amalgam, made up of ſeven 
parts of mercury, with one of filver. Either of theſe pro. 
ceſſes ſucceeds in a much ſhorter time than Lemery's, in 
conſequence of the relation ſubſiſting between the metal- 
lic matters and their mutual action. In fact, the mercury 
contained in the ſolution attraQts the mercury of the amal- 
gam; the ſilver of the amalgam acts in the ſame way on 


the ſilver of the ſolution : and of conſequence the fil- 
The mercury oi 
the amalgam, being more than is requiſite to pre- 
cipitate the ſilver of the ſolution, produces a third el. 
fect, which we muſt not fuffer to eſcape unnoticed : l 
attracts the ſilver by its affinity and tendency to combine 
with that metal: a combination is actually effected be- 
tween them; for the vegetation of the tree of Diana 1s2 
real amalgam, brittle and cryſtallized. This cryſtall. 
zation ſucceeds much better in conical veſſels, ſuch 
as glaſſes, than in round or wide veſſels, like the cucurbite 

recommended 


ver is more ſpeedily precipitated. 
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commended by M. Baume. It is almoſt unneceſſary to 
mention, that the veſſel muſt not be moved, nor expoſed 
to any impulſe which might hinder the regular ſymme- 
| trical arrangement of the amalgam. | 

Copper immerſed into a ſolution of ſilver likewiſe pre- 
cipitates it in a bright metallic form. This is the pro- 
ceſs uſually employed to ſeparate ſilver from its ſolvent, 
after the operation of parting. Plates of copper are 
dipped iato the folution, or rather the ſolution is put 
into a copper veſſel ; the filver is immediately ſeparated 
in whitiſh grey flakes. When the liquor becomes blue, 
and ceaſes to precipitate ſilver, it is decanted off. The 
filver precipitated is repeatedly waſhed, then melted in 
crucibles, and paſſed with lead into a cupel, to ſeparate 
from it a portion of copper, which became united with 
it in the precipitation. The ſilver which paſſes through 
this operation is purer than any other kind: it is no 
leſs than twelve penny-weights fine. From theſe two 
Wcaſcs of the precipitation of ſilver by mercury and by 
Weopper, it appears that metals ſeparated from their ſol- 
Neents by metallic matters, are precipitated with all their 
Wrroperties. This phenomenon, as we have ſhown in 
he hiſtory of copper, takes place in conſequence of 
ie metals immerſed into the ſolution of ſilver, rob- 
ing it of its oxigene, with which they have a greater 

affinity. 

The muriatic acid does not diſſolve filver immediate. 
ly; but it diſſolves its oxide readily enough. This acid, 
uperlaturated with oxigene, eaſily oxidates the metal. 
uch, no doubt, is the reaſon of what happens in the 
mncentrated parting. This operation conſiſts in expoſing 
o fire, plates of gold alloyed with ſilver, cem ented with 
Vol, III. 1 
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a mixture of ſulphate of iron and muriate of ſoda: The 
ſulphuric acid, diſengaging the muriatic, communicate 1 
to it a portion of its own oxigene; and the muriatic 
acid then acts upon the ſilver, and diſſolves it. +6 6 

There is a much eaſier and more expeditious procek 
for combining the muriatic acid with oxide of filye, 
The acid is poured into a nitric ſolution of the metal; 
a very copious precipitate is inſtantaneouſly formed, and 
proves to be a combination, of the muriatic acid with 
ſilver ; for the metal has a greater affinity with the my 
riatic than with the nitric acid, and of conſequena 
forſakes the latter to combine with the former. The 
ſame combination may be obtained by pouring muriati 
acid into a ſolution of ſulphate of ſilver; for this acil 
has likewiſe a greater affinity than the ſulphuric with POE 
the metal, The muriatic acid may alſo be combine n. 
with filver, by heating the acid with oxide of WM n 
metal precipitated from the nitric acid by fixed a _p 
kali. | | 

Muriate of filver poſſeſſes various properties worthy 
of notice. It is remarkably fuſible. When expoſed i 
a phial to a moderate heat, ſuch as that of hot aſhes, 1 
melts into a grey ſemi-tranſparent ſubſtance, bearing m 
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imall reſemblance to horn ; and for this reaſon called 


luna cornea. If run upon a ſurface of porphyry, it fix 
into a friable matter, appearing to be cryſtallized 8 
fine ſilver needles. When long heated in contact wil 
air, it is decompoſed ; it paſſes eaſily through the 
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cibles; one part of it is volatilized, and another reducel 
to metal; ſo that it now takes the form of ſilver gt 
bules diſperſed through muriate of ſilver; a portions 
the ſalt remaining not decompoſed. This ſalt, whd 


expo 


expoſed to light, loſes its whiteneſs, and becomes ſpeedi- 
ly brown. It diſſolves in water; but, according to an 
experiment of M. Monnet's, a pound of diſtilled water 
diſſolves only three or four grains. Alkalis are capable 
of decompoſing muriate of filver, when it is either dif- 
olved in water, or expoſed to fire, together with any of 
theſe ſalts. This is one way of obtaining the fineſt and 
ureſt ſilver poſſible. Mix, for this purpoſe, four parts 
pf potaſh, or carbonate of potaſh, with one of muriate 
pf filver : Put the mixture into a crucible, and telt it; 
when it is completely melted, take it out of the fire; 
uffer it to cool, and then break it: ſeparate the filver ; 
Fhich is found under the muriate of potaſh formed du- 
ing this operation, and the exceſs of alkali. M. Baume, 
o whom we owe this proceſs, afferts, that the quantity 
f alkali which he direQs to be employed, hinders the 
nuriate of ſilver from paſſing through the crucible, by 
Qing on all its parts, and decompoſing them at once. 
largraff has given another proceſs for reducing this ſalt, 
nd obtaining from it ſilver perfectly pure. Triturate 
a mortar five drachms and ſixteen grains of muriate 
F filver, with an ounce and an half of ammoniacal 
prbonate, and as much diſtilled water as may be ſuf- 
clent for making it into a paſte : ſtir this mixture, till 
e ſwelling and efferveſcence which at firſt take place in 
ceaſe: then add three ounces of pure mercury, and 
iturate the whole till it be formed into a beautiful 
nalgam of ſilver : waſh it with a good quantity of wa- 
r; continue the trituration, and repeat the waſhing 
the water run off very clear, and the amalgam be- 
Wc very bright: then dry the amalgam, and diſtil it 
a retort till the veſſel take a white red colour : the 

12 mercury 
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mercury now paſſes into the receiver, and the filyer i 
found in an high ſtate of purity at the bottom of the 
retort. In this manner the metal may be obtained d 


u; 
the higheſt purity poſlible, and without any ſenſible lok, = 
This ſort of ſilver ſhould be uſed in nice chemical ex. T 
periments. The water employed to waſh this mixture on | 
carries off two ſubſtances ; a certain quantity of an. The 
moniacal muriate, which it holds in ſolution, and ea 
white powder not ſoluble in water. When the whit the 
powder is ſublimated, there is à ſmall quantity of ſiha the r 
found at the bottom of the ſublimatory veſſel. Thi havir 
experiment proves, that muriate of ſilver cannot be con dime 
pletely decompoſed otherwiſe than by double affiniy, from 
In fact, in Margraff's proceſs, the cauſe of the ammonix ww 
combining with the muriatic acid is, that the ſilver other 
firſt detached from the acid by the mercury, and Prod. 
alkali then becomes capable of effecting an event wh pious 
it could not otherwiſe have produced. But this tediou borac 
and expenſive operation can only be employed in tt Th 
ſmall way, and in the laboratory, To reduce a gra neut 
quantity of muriate of ſilver at once, either fixed aui tonize 
or ſome metallic ſubſtance having a greater affni \ Silver 
than ſilver with the muriatic acid, muſt be emploi a 
Such, among others, are antimony, lead, tin, iron, Wy -OPPE: 
One part of muriate of filver melted in a crucible, wil This 

three parts of any of theſe matters, affords, at the H lome « 
tom of the crucible, the filver reduced and ſeparat detoni 
while the metal employed to produce the ſeparatt falls t 
appears in union with the muriatic acid. The filver| higher 
cipitated in this manner is very impure; it always c Alm 
tains more or leſs of the metal employed to ſeparate force © 
and as, in compliance with the advice of Kunckel, l ed by 1 
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is moſt commonly employed for the purpoſe, this ſilver 
needs to be cupelled; nor can it even be rendered 
equally pure with that which is reduced by alkalis, or by 
Margraff's proceſs. 

The nitro-muriatic acid acts with conſiderable force 
on filver ; and, as it diſſolves it, cauſes it to precipitate, 
The manner in which this effect takes place may be 
eaſily underſtood : the nitric acid diſſolves the metal at 
the firſt, and the muriatic acid, detaching itſelf from 
the nitric, forms a neutral ſalt with the ſilver ; which, 
having no great tendency to ſolution, is depoſited in ſe- 
diment. This proceſs may be uſed to ſeparate ſilver 
from gold. 

We know but little about the manner in which the 
other acids act upon ſilver; only, a ſolution of borax 
produces in the nitric ſolution of this metal a very co- 
pious white precipitate ; which precipitate conſiſts of 
boracic acid in union with oxide of ſilver. 

This metal does not appear liable to be altered by 
neutral ſalts, It is certain, at leaſt, that it does not de- 
tonize with nitre, nor decompoſe ammoniacal muriate. 
Silver, in conſequence of its being unalterable by nitre, 
may be ealily ſeparated from imperfe& metals, ſuch as 
copper, lead, &c. by detonizing them with that alt. 
This metal, alloyed above the juſt proportion with 
ſome of the baſer metals, is melted with nitre : the ſalt 
detonizing burns the imperfect metal; and the ſilver 
falls to the bottom of the crucible in a ſtate of much 
higher purity. 

Almoſt all combuſtible matters act with more or leſs 
force on ſilver. No metal is ſooner tarniſhed or colour- 
ed by inflammable matters. Sulphurated hydrogenous 
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gas, from whatever ſubſtance diſengaged, communicate 


to ſilver, the inſtant it comes into contact with it, a blue col 
or violet colour, inclining to black, and conliderabh ] 
diminithes its ductility. It is known that foetid animg for 
vapours, ſuch as proceed from houſes of office, fron vit 
putrefied urine, and from hot eggs, produce the ſame me 
effect on this metal. The mutual action of theſe bodig, doe 
and the combination which takes place on the occaſion, tog 
have not yet been examined. if t 

Sulphur combines very readily with ſilver; Thi [ 
combination is uſually effected by ſtratifying on a en app 
cible plates of the metal with flowers of ſulphur, and tim 
melting the mixture haſtily : the reſult is a violet blac ral, 


maſs, much more fuſible than ſilver, brittle, and needled; 


in a word, a true artificial ore. This compoſition i 8 
caſily decompoſed by the action of fire, on account d this 
the volatility of ſulphur, and the fixity of filver ; the ſurf 
ſulphur is conſumed and diſſipated, leaving the filve If 
pure. Alkaline ſulphure diflolves this metal in the dy that 
way: on melting one part of {ilver with three of ſulphur lcav 
of potaſh, the metal diſappears, and may be diflolvedu by t 
water together with the ſulphure. An acid poured into of v 
the ſolution produces a black precipitate of ſulphurated ſubſſ 
filver. Leaves of ſilver put into a ſolution of ſulphur lar f 
of potaſh ſpeedily take a black colour ; and it appean bad 
that the ſulphure forſakes the alkali, to unite with tit ; lame 
metal and mineralize it; as we have already obſerei in tl 
of mercury. ſtron 
Arſenic combines with filver, and renders it brittle lize 
We know not yet how the acid of arſenic affects ti mere 
metal. | = ay 
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It combines, but not without great difficulty, with 
cobalt. a 
It enters readily enough into an alloy with biſmuth, 
forming with it a brittle mixed metal, the ſpecific gra- 
vity of which is greater than that of either of the two 
metals taken ſeparately. According to Cronſtedt, filver 
does not unite with nickel. Theſe metals, when melted 
together, are diſpoſed ſeparately, one belide the other, as 
if their ſpecific gravities were preciſely equal. 

It melts with antimony into a very brittle alloy. It 
appears to be capable of decompoſing ſulphure of an- 
timony, by combining with the ſulphur of that mine- 
ral, with which it has a greater affinity than antimony 
has, | | | 

Silver eaſily combines with zinc by buten From 
this combination there reſults an alloy granulated at the 
ſurface, and very brittle. 

In mercury, even cold, it is completely diflolved. All 
that is neceſſary to effect this ſolution, is to malaxate 
leaves of ſilver with this metallic fluid: an amalgam is 
by this means inftantaneouſly produced; the conſiſtency 
of which varies with the reſpeQive quantities of the two 
ſubſtances. This amalgam may be brought into a regu- 
lar form by fuſion and flow evaporation : it affords tetra- 
heodral priſmatic cryſtals, terminating in pyramids of the 
lame form. The mercury becomes in ſome degree fixed 
in this combination: for, to ſeparate it from the ſilver, a 
ſtronger heat is required than what is ſufficient to volati- 
lize it when taken by itſelf. Silver decompoſes corroſive 
mercuyial muriate, either in the dry or in the humid 
Way. 

It unites perfectly with tin: but entirely loſes its duc- 
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tility when alloyed with ever ſo ſmall a proportion of that 
metal. 

It enters readily into union with lead, which * 
it very fuſible, and deſtroys its elaſticity and ſonoroul. 
neſs. WIS; 

It forms an alloy with iron, which might perhaps be 
very advantageouſly employed in the arts. 

Laſtly, It melts and combines in any proportion with 
copper. Copper does not deſtroy its ductility; but ren. 
ders it harder and more fonorous ; and the alloy i; 
often employed in the arts. 

Silver, on account of. its duQlity, and its being 
proof againſt the attacks of fire and air, is a metal fin. 
gularly uſeful. Its luſtre recommends it for an orm. 
ment : it is laid on the ſarfaces of vartous bodies, and 
even of copper: it is wrought into ſtuffs, and adds con 
ſiderably to their beauty. But the moſt important ule 


for which it ſerves, is that of a good material out of plat 
which veſſels of all kinds may be made; and its hard- it le 
neſs and ductility render it peculiarly ſuitable for this of 
purpoſe. The filver wrought into plate is common) Ver) 
alloyed with A of copper, which improves its hardneſs gold 
and coheſion, without rendering it in any degree dange- an 
rous to the health of thoſe who ule it; for twenty-three hun 
parts of ſilver are ſuſlicient to deſtroy all the noxiou duc 
qualities of one part of copper. the 
Laſtly, Silver is coined into money, and uſed as a golc 
ſign of value for all _ of commodities z but in this inch 
caſe it is alloyed with r of copper, and is, of conſe- for 
quence only eleven pee fine. 5 

* B:tiſh ſilver money is 11 penny weights 2 grains fine. H. f 
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OLD, che ſun of the alchemiſts, is of all known 

metals the moſt perfect, and the leaſt liable to al- 
teration: its colour is a bright yellow. It is, next after 
platina, the moſt ponderous body in nature: In water 
it loſes only between a nineteenth and a twentieth part 
of its weight: neither its hardneſs nor its elaſticity is 
very conſiderable. Its ductility, of which gilding and 
gold wire afford ſuch amazing proofs, is ſo great, that 
an ounce of gold is ſufficient to gild a ſilver wire four 
hundred and forty- four leagues in length; and it is re- 
ducible into leaves that may be carried about before 
the wind. It is calculated by Lewis, that a grain of 
gold will cover an area more than fourteen hundred 
inches ſquare. It is the moſt tenacious of all metals; 
for a wire of gold one tenth of an inch in diameter, is 
lufticient to ſupport five hundred pounds weight without 
breaking. Gold ſoon becomes hard and brittle under 


the hammer; but heat reſtores its ductility. - 
I The 
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The colour of gold is ſubje& to a good many varie; 8 
ties. It is ſometimes more or leſs yellow or pale, and In 
ſometimes almoſt white: theſe differences, however 
appear to be owing to ſome mixture. Gold has neither b 
taſte nor ſmell: It cryſtallizes by cooling into ſhort tu 
quadrangular pyramids. Meſſrs Tillet and Mongen cb. bl 

tained it in this form. | * 

Gold is found in nature almoſt conſtantly in a pur th 
and virgin ſtate. It is ſometimes met with in ſmal in 
maſſes, either ſolitary or continuous, and in a bed d 
quartz: At other times it is in ſmall ſpangles, amony its 
ſand, at the bottom of rivers. Laſtly, It is extrafted vi 
from various ores, into the compoſition of which 1 m. 
enters; ſuch as galena, blende, red ſilver ore, and vir. pa 
gin filver. It is almoſt always united with a certan 
quantity of ſilver, or ſome. other metal, forming thu tra 

a natural alloy. on 

There are ſeveral varieties of native gold. It exilh de 
in plates, in grains, in cryſtals ; which are either och ſirt 
hædral, in priſms of four faces, or ſtriated in filaments the 

and in irregular maſſes. M. Sage thinks, that natin wi 
gold in priſms 1s combined with a certain quantity d ed 
mercury, which renders it brittle. pa! 

Modern mineralogiſts reckon up various ſpecies d gat 

| gold. fro 

1. Native gold in union with filver, copper, iros par 
&c, It is found in Peru, Mexico, Hungary, Tran Tren 
vania, &c. . nes 

2. Auriferous pyrites : It is not eaſily diſtinguiſhed ſill 
from other pyrites by the eye: we diſcover the gold bj the 

to 


diſſolving it in the nitric acid, and waſhing the reſidue 
Gold is only mixed, not combined, in martial pyrite 
Some 


* 
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gome arſenical pyrites, particularly thoſe of Saltzbergh 
in Tyrol, contain likewiſe a little gold. 

3. Gold mixed with ſilver, lead, and iron mineralized 
by ſulphur. This auriferous ore is of a very mixed na- 
ture. According to M. Sage, it is found to contain 
blende, galena, ſpecular antimony, copper, filver, and 
iron; the gold melts, and drops out with the lead, when 
the maſs is expoſed to heat. It comes from Naggyac 
in Tranſylvania. : 

Gold ore is affayed in different ways, according to 
its nature; pulverization and waſhing are ſufficient 
with -native gold. Gold alloyed with other metals 
mult be roaſted, melted, and cupelled with lead, and 
parted, 

It is very eaſy to conceive in what way gold is ex- 
trated from its ores, after what has been already ſaid 
on metallurgy in this work. Native gold needs only to 
be ſeparated from its gangue. For this, purpoſe, it is 
firſt pounded ; then waſhed, to ſeparate the powder of 
the gangue ; then triturated in' a mortar full of water, 
with 10 or 12 parts of mercury; the water being pour- 
ed oft after this operation, waſhes away every earthy 
particle from the metallic ſubſtance. When the amal- 
gam, thus formed, appears to be ſufficiently puriſied 
trom earth, it is ſtrained through goat-ſkins. Great 
part of the mercury paſſes through; a certain quantity 
remains ſtill united with the gold. The amalgam is 
next heated, and the mercury ſeparated from it by di- 
ſtillation; the pure gold obtained by this diſtillation is 
then melted, and run into bars or ingots. With reſpe& 
to the gold that is found in combination in the ores of 
other 
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other metals, ſuch as. lead, copper, ſilver, it is extracted 
by eliquation, cupellation, and parting. The lead which 
runs down from the eliquation of copper, carries with 
It the filver and the gold.” -It is then cupelled, to ſepa. 
rate the lead ; and the ſilver, as as we ſhall hereafter men. 
tion, is ſeparated by parting. 

Gold expoſed to fire becomes red-hot before it melts, 
When very red, it aſſumes a dazzling luſtre, and a clear 
green colour, like that of the aqua-marina. It doe 
not melt till its colour change to a white red; when 
cooled ſlowly it cryſtallizes. It ſuffers no alteration, 
however long it be expoſed to fire, and however intenſe 
the heat; for Kunckel and Boyle found gold to hare 
undergone no alteration by being expoſed for ſeveral 
months to the fire of a glaſs-houſe. This inalterability 
of nature is only relative, however, to the degrees of heat 
which we are capable of applying to it by the uſe of 
combuſtible matters ; for it' appears that a much more 
intenſe and active heat, ſuch as that of glaſs lenſes, de. 
ſtroys the metallic properties of gold. Homberg obſer- 
ved, on expoſing this metal to the focus of a lens of 
Tſchirnhauſen's, that it ſmoked, became volatile, and 
was even vitrified. Macquer obſerved, on expoſing gold 
to the focus of M. Trudaine's lens, that it melted, and 
exhaled a ſmoke which gilded filver, and could there- 
fore be nothing but gold volatilized ; that the globule 
of melted gold was agitated by a rapid internal motion, 
and became covered with a rough pellicle, ſhrivelled, 
and ſeemingly earthy ; and that a violet-coloured vitri- 
fication was at length formed in the middle of the gold. 
The vitrified part was by degrees enlarged, till it form- 


ed a kind of cap of a larger curvature than the globule 
of 
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of gold, and cloſely enchaſed in the gold in the ſame man- 
ner as the tranſparent cornea appears enchaſed in the ſcle- 
rotica of the eye. The extent of the glaſs became gradually 
larger, and the gold was diminiſhed. The furface on 
which it reſts is always coloured with a purple tinge, 
which ſeems to be owing to the glaſs which it has ab- 
ſorbed. 

Time did not allow Macquer to vitrify a given quan- 
tity of gold completely. He obſerved, that it would be 
neceſſary to reduce the violet glaſs with combuſtible 

matters, in order to know whether it would afford gold, 

and whether it were oxide of that perfect metal. At 
any rate, we are of opinion, that vitrified gold may be 
conſidered as a true oxide of gold ; and we are the ra- 
ther induced to adopt this opinion, becauſe in a num- 
ber of operations, which we ſhall immediately proceed to 
deſcribe, it invariably takes a purple colour; and ſeveral 
preparations of it are uſed for giving this colour to 
enamel and porcelain. Gold, then, like other metallic 
matters, may be reduced to calx; only, like filver, it 
requires a more intenſe heat, and longer time to make 
it combine with the baſe of vital air, than any other me- 
tallic matter : theſe circumſtances, no doubt, bear a near 
relation to its extraordinary denſity, and its faint ten- 
dency or averſion to combine with oxigene. It is re- 
duced to a purpliſh oxide by electrifying it vio- 
lently. 

Gold ſuffers no alteration from the action of air. Its 
ſurface is only tarniſhed by the extraneous bodies 
which are continually floating in the atmoſphere. Wa- 
ter does not alter it in any way; from the experi- 


ments of Garaye, however, it appears that this ſub- 
ſtance 
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ſtance gradually divides it in the ſame manner » 
iron. | 

Gold in its metallic ſtate does not combine with earth 
or ſalino-terrene ſubſtances. Its oxide enters into the 
compoſition of glaſſes, and communicates to them a violet 
or purple colour. 

Gold is not liable to ſuffer from the attacks of the 
ſulphuric acid, however highly concentrated, and even 

aſſiſted by heat. | 

The nitric acid diſſolves a few particles of this metal; 
but it is perhaps rather mechanically than by true com. 
bination. Brandt was among the firſt chemiſts who af. 
ſerted gold to be ſoluble in the nitric acid: the fact has 
been ſince confirmed by the experiments of Scheffer and 
Bergman. But we mult obſerve, that, according to ex- 
periments made by the whole chemiſts of the Academy 
of Paris, the nitric acid produces this effect only in cer. 
tain circumſtances. M. Deyeux, member of the Col. 
lege of Pharmacy, has remarked, that the acid of nitre 
diſſolves gold, only when it is ruddy, and contains ni. 
trous gas. According to him, the acid is not pure in 
this ſtate : he calls it acid impregnated with gat, and de- 
ſcribes it as a kind of agqua-regia. We have elſewhere 
ſhown in what conſiſts the difference between the ni- 
trous and the nitric acid. 

The muriatic acid alone, and in a ſtate of purity, acts 
not upon gold in any ſenſible degree. Scheele and Berg- 
man have diſcovered, that the oxigenated muriatic acid 
diffolves gold in the fame way as aqua-regia ; and forms 
alſo with the metal the ſame falt which it forms with 
the mixed acid uſually employed to diffolve it. It is the 
excels of oxigene united with the muriatic acid which 

| caulz 
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cauſes the ſolution to take place: it it accompanied with 
no ſenſible efferveſcence, like the other ſolutions of me- 
tals, by the oxigenated muriatic acid. 

Aqua-regia has been conſidered as the true ſolvent of 
gold. It diſſolves it, however, no better than the oxi- 
genated muriatic acid. As it would be improper to re- 
peat here what we have elſewhere ſaid concerning the 
nature and properties of this mixed acid, and the va- 
rieties to which it is liable, according as the proportions 
of the two acids by the combination of which it is form- 
ed vary, we ſhall ſpeak only of the manner in which it 
acts upon gold. As ſoon as the nitro-muriatic acid comes 
into contact with this metal, attacks it with an efferveſ- 
cence ; which, the more concentrated the acid, the hot- 
ter the temperature, and the more divided the integrant 
parts of the gold, is ſo much the more lively. This ope- 
ration may be more ſpeedily effected by a moderate 
heat; at leaſt a moderate heat is favourable in the be- 
ginning of the proceſs. Bubbles then riſe in conſtant 
ſucceſſion, till a part of the metal be diffolved. This ac- 
tion by degrees ceaſes; ſtirring or heat is requiſite to 
make it continue. Nitrous gas is diſengaged while the 
ſolution is taking place. The nitro-muriatic acid, when 
ſaturated with the full quantity of gold which it is ca- 
pable of diffolving, takes a yellow colour of a lighter or a 
deeper ſhade. It is conſiderably cauſtic j it tinges ani- 
mal matters with a deep purple colour, and corrodes 
them. When evaporated with proper management, it 
affords cryſtals of a beautiful golden colour, reſembling 
topazes, and appearing to be truncated octahædrons, 
and ſometimes tetrahedral priſms. It is difficult enough 
$0 obtain this cryſtallization. M. Monnet thinks it 
I owing 
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ſtance gradually divides it in the ſame manner a 
iron. 

Gold in its metallic ſtate does not combine with earths 
or ſalino-terrene ſubſtances. Its oxide enters into the 
compoſition of glaſſes, and communicates to them a violet 
or purple eolour. 

Gold is not liable to ſuffer from the attacks of the 
ſulphuric acid, however highly concentrated, and even 
aſſiſted by heat. | 

The nitric acid diſſolves a few particles of this metal; 
but it is perhaps rather mechanically than by true com. 
bination. Brandt was among the firſt chemiſts who al. 
ſerted gold to be ſoluble in the nitric acid: the fact has 
been ſince confirmed by the experiments of Scheffer and 
Bergman. But we mult obſerve, that, according to ex- 
periments made by the whole chemiſts of the Academy 
of Paris, the nitric acid produces this effect only in cet. 
tain circumſtances. M. Deyeux, member of the Col. 
lege of Pharmacy, has remarked, that the acid of nitre 
diſſolves gold, only when it is ruddy, and contains ni- 
trous gas. According to him, the acid is not pure in 
this ſtate : he calls it acid impregnated with gas, and de- 
ſcribes it as a kind of agva-regia. We have elſewhere 
ſhown in what conſiſts the difference between the ni- 
trous and the nitric acid. 

The muriatic acid alone, and in a ſtate of purity, act 
not upon gold in any ſenſible degree. Scheele and Berg- 
man have diſcovered, that the oxigenated muriatic acid 
diffolves gold in the fame way as aqua-regia ; and forms 
alſo with the metal the ſame ſalt which it forms with 
the mixed acid uſually employed to diſſolve it. It is the 


excels of oxigene united with the muriatic acid which 
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cauſes the ſolution to take place: it it accompanied with 
no ſenſible efferveſcence, like the other ſolutions of me- 
tals, by the oxigenated muriatic acid. 

Aqua-regia has been conſidered as the true folvent of 
gold. It diſſolves it, however, no better than the oxi- 
genated muriatic acid. As it would be improper to re- 
peat here what we have elſewhere faid concerning the 
nature and properties of this mixed acid, and the va- 
rieties to which it is liable, according as the proportions 
of the two acids by. the combination of which it is form- 
ed vary, we ſhall ſpeak only of the manner in which it 
acts upon gold. As ſoon as the nitro-muriatic acid comes 
into contact with this metal, attacks it with an efferveſ- 
cence ; which, the more concentrated the acid, the hot- 
ter the temperature, and the more divided the integrant 
parts of the gold, is ſo much the more lively. This ope- 
ration may be more ſpeedily effected by a moderate 
heat ; at leaſt a moderate heat is favourable in the be- 
ginning of the proceſs. Bubbles then rife in conſtant 
ſucceſhon, till a part of the metal be diſſolved. This ac- 
tion by degrees ceaſes ; ſtirring or heat is requiſite to 
make it continue. Nitrous gas is diſengaged while the 
ſolution is taking place. The nitro-muriatic acid, when 
ſaturated with the full quantity of gold which it is ca- 
pable of diffolving, takes a yellow colour of a lighter or a 
deeper ſhade. It is conſiderably cauſtic ; it tinges ani- 
mal matters with a deep purple colour, and corrodes 
them. When evaporated with proper management, it 
attords cryſtals of a beautiful golden colour, reſembling 
topazes, and appearing to be truncated octahædrons, 
and ſometimes tetrahedral priſms. It is difficult enough 
$0 obtain this cryſtallization. M. Monnet thinks it 
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owing to a neutral falt, ready formed in the nitro 
riatic acid; and aſſerts, that in order to obtain it, the 916. 
regia made uſe of ſhould be compoſed of nitric acid wit 
ammoniacal muriate, or muriate of ſoda. A mixed add 
prepared in this manner cannot but contain nitrate d 
of ſoda, or ammoniacal nitrate. It is either the one 9 
the other of theſe neutral ſalts, according to the chemil 

' whoſe opinion we are mentioning, which occaſions thy 
cryſtallization of gold. It appears, however, that a ſo. MW 
lution of gold in nitro-muriatic acid, made up of pure Wi 
acids, is capable of affording cryſtals; and Bergman conh. 
ders the falt as muriate of gold. Theſe cryſtals, wha 
heated, melt and take a red colour. This falt powerfully 
attracts the moiſture of the atmoſphere. A ſolution d 
gold gives, by diſtillation, a beautiful red colour, whichiz 
nothing but muriatic acid impregnated with a little gold, 
The alchemiſts who have laboured ſo much upon gold, 
called this liquor red lion. A few golden cryſtals are 
likewiſe ſublimated, the colour of which is a reddith ye. 
low. Moſt part of the metal remains at the bottom of 
the crucible ; and fuſion purifies it, ſo that it again dil 
plays all its properties. 

The ſolution of gold may be decompoſed by a great 
many intermedia. Lime and magneſia precipitate the 
gold in the form of a yellowiſh powder. Fixed alkali 
afford the ſame pha nomenon. But it is to be obſerved, 
that the precipitate 1s but very ſlowly formed ; and the 
folution takes a reddiſh colour, if more alkali be employ- 
ed than what is abſolutely requiſite ; for the excels of a. 
kali again diſſolves the precipitated gold. The precipt 
tate of gold may be reduced by heat in cloſe veſſels; it 
an oxide which readily gives out its oxigene in the ſtats 

ol 
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of vital air. This oxide, however, is fuſible with vitreous 
matters, and communicates to them a purple colour; 
ſor enamels and porcelain are coloured with a precipitate 
of gold, formed by mixing a ſolution of gold with li- , 
quor of flints. 

Gold precipitated by fixed alkali exhibits likewiſe 
another property, very different from thoſe which gold 
doſleſſes in its metallic ſtate: it is ſoluble in pure ſul- 
phuric, nitric, or muriatic acid. All of theſe acids, 
when heated on the yellowiſh precipitate of gold, readily . 
diſſolve it; but they do not take up ſo much of it as to 
ford cryſtals. When theſe ſolutions are evaporated, 
he gold is very quickly precipitated ; the ſame thing 
appens by reſt. M. Monnet has obſerved a fact con- 
erning the precipitation of gold by nut-gall *, which 
uſt not be forgotten; it is, that the precipitate which 

s reddiſh, diſſolves very well in the nitric acid, and 
ommunicates to it a beautiful blue colour; 

Vol. III. K Ammonaic 


* As we have taken notice only of the precipitation of iron by 
ut-gall, we ſhall give a ſhort account of the phenomena which this 
fringeat ſubſtance exhibit with moſt other metallic ſubſtances. 

Nut-gall, with the ſolution of cobalt, gives a clear blue precipitate ; 
th the ſolution of Zinc, an aſh-green precipitate ; with the ſolution 


calls copper, a green precipitate, which becomes grey and reddiſh ; with 
ved, ſolution of filver, it gives firft reddiſh ſtriæ, which take afterwards 
| the de colour of burnt coffee; with the ſolution of gold, a purple preci- 
oh- tate. Theſe facts have been obſerved and deſcribed by M. Monnet; 
f al. d he has obſerved farther, that theſe precipitates are ſoluble in acids; 


d that alkalis combine with the latter ſolutions without producing 
ecipitates, | | 
The academicians of Dijon have added to theſe facts the following t 
v ohſer rations. 1. The ſolution of arſenic is not altered by nut- 


gall 3 


ol gold made in nitro-muriatic acid, compoſed with ammo. 


146 Of Gold. 


Ammoniac precipitates the ſolution of gold in much 
greater abundance. This precipitate is of a brown yel. 
low, and ſometimes of an orange colour; when expoſed 
even to a moderate heat, it detonizes with a conſiderable 
noiſe ; it has been called fulminating gold. Ammoniac iz 
indiſpenſibly neceflary to its production. It may be 
formed, either by precipitating, by fixed alkali, a ſolutio 


niacal muriate; or rather, by precipitating, by ammoniac, 
a ſolution of gold made in aqua-regia, compoſed of pure 
nitric and muriatic acid. The fulminating gold thu 
obtained is always one fourth more in quantity than the 
gold diffolved in the aqza-regia. There are ſome precay- 
tions neceſſary to be taken in order to eſcape ſuffering 
from the terrible effects of fulminating gold. In the 
firſt place, it muſt be dried cautiouſly, and in the open 
air, at a diftance from any fire; for a very moderate de. 
gree of heat is ſuffictent to make it fulminate. As fric- 
tion alone would be enough to make it give an exple 

ſhot 


gall ; with the ſolution of biſmuth, nut-gall produces a greeniſh pres 
pitate ; with the ſolution of nickel, a white precipitate ; with the folv 
tion of antimony, a bluiſh grey precipitate ; with lead, a ſlaty ſedimen, Wl 
the ſurface of which is covered with pellicles of a mixed green 1 | 
red colour; laſtly, the ſolution of tin takes a dirty grey colour, br Wl 
mixture with nut-gall, and gives a copious precipitate, ſomewhat af: 
mucilaginous nature. Under the article of che Gallic Acid, or a 
of galls, in the vegetable kingdoms, ſeveral of thefe fats will agi 
draw our attention. | 
It may be proper to obſerve here, that the experiments of M. Moone, i 
aud of the academicians of Dijon, were made with a decoction of the i 
nut-gall : whilſt thoſe which will be taken notice of in the vegetab' i 
kingdom, refer to the action of the gallic arid on metallic ſolutiow Wl 
which accounts for the difference of the reſults in the two cafes. . 
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fon, the veſſels into which it is put muſt be ſtopped only 
with cork. Some unlucky accidents have ſhewn, that 
W cryſtal ſtoppers, by their friction on the necks of the 
bottles, may cauſe ſuch particles of the powder as adhere 
Wo that part of the bottle to fulminate ; and by commu- 
W.:cation with the reſt of the powder, to produce the moſt 
WW zngerous effects. A terrible accident happened in M. 
WBaume's laboratory, of which he has given an account 
his Theory and Practice of Chemiſtry. 

= Chemiſts have entertained various opinions concern» 
Wing the cauſe of the detonation of fulminating gold. 
WBaums gave it as his opinion, that in this inſtance there 
as formed nitrous ſulphure, which he conſidered as tlie 
alminating principle of this compound. But Bergman 
Was proved his theory inadmiſlible, having formed fulmi- 
ng gold without nitric acid, by diſſolving a precipi- 
ee ſof gold in ſulphuric acid, and precipitating it anew 
Wy ammonaic. Neither can the fulmination of this gold 
owing to ammoniacal nitrate; for after being copiouſly 
Waſhed in water, which would certainly carry off any 
WSortion of that ſalt which it might contain, it ſtill retain- 
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* iss fulminating powers. On examining attentively 
„bat paſſes in the detonation of fulminating gold, it is 
ſerved to take fire at the very inſtant when it ſhivers 
ss pieces. When it is expoſed to the moderate heat 
of 1 varm aſhes, it gives out, before the exploſion, ſparks 
e thoſe of electric fire; when expoſed to the ſpark 
uf oduced by the Leyden bottle, it detonizes; a ſimple 
* ek without motion does not kindle it; laſtly, after 
c te RP minating, it leaves the gold in a metallic ſtate. It ap- 
rs, therefore, that the fulmination of this gold is 
7 ing to ſome combullible matter contained in the com- 
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pound. And as ammoniacal gas is neceſſary to the pro 


it 

duction of fulminating gold, it is at preſent agreed, thu key 
the exploſion ought to be attributed to that ſubſtance, * 
This theory is founded on the following facts. app 
1. M. Berthollet has obtained ammoniac gas by apply. You 
ing a gentle heat to copper tubes, containing fulminating clof 
gold, and communicating at one end by means of a nme 
phon, with a pneumato-chemical apparatus with mercy. _ 
ry. The gold was now no longer fulminating, but vn arot 
reduced to oxide. che 
2. Bergman, having expoſed fulminating gold to a de cipit 
gree of heat not ſufficient to make it fulminate, gradualh _ if 
deprived it of its fulminating powers, by volatilizing tle the e 
ammoniac gas which it contained. = <.-; 
2. When a few grains of fulminating gold are mad bab! 

to detonize in copper tubes, communicating with a pney u. I 
mato.- chemical apparatus with mercury, gas azote, i ted ff 
2 few drops of water, are obtained as products, and H till i: 
gold is found to be reduced. M. Berthollet, to whon toni 
we owe this fact, thinks that in this inſtance ammonut chat 
is decompoſed ; that the hydrogene which it contain; again 
uniting with the oxigene of the oxide of gold, reduc ver o 
it by forming water; and that the gas azote, being ti called 
ſet at liberty, is conſequently diſengaged: the fulmin- ties t. 
tion appears therefore to be owing to the combuſtia above 
of hydrogene, and the ſudden diſengagement of „ bright 
azote. fulmir 
4. The concentrated ſulphuric acid, melted ſulpbuſ Th 
ſat oils, and æther, deprives this precipitate of its uM phure: 
minating powers, by detacking its ammoniac. dhe ſu 
A ſingular property of fulminating gold, which fo but t! 
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with what force it acts, is its making a mark or hole 
on any metal plate, ſuch as a plate of lead, tin, and 
even ſilver, on which it is fulminated. But it does not 
appear to be liable to take fire in a very cloſe veſſc]; for 
Lewis relates, that it produced no exploſion when in- 
cloſed in an iron ball, and expoſed to an intenſe heat. 
The cauſe of this phænomenon ſeems to be, that there 
is not then room for the diſengagement of the gas 
azote. Bergman, who did not well know the nature of 
the gas diſengaged daring the fulmination of this pre- 
cipitate, and conſidered it as pure air impregnated with 
a little ammoniac, has given a ſimilar explanation of 
the experiments made on this matter before the Royal 
Society of London. The reader may conſult his va- 
WS lvable Diſſertation de calce auri fulminanie, in his Opuſcula. 


M. Berthollet diſcovered that oxide of ſilver, precipita- 
ted from nitric acid by lime, and digeſted with ammoniac 
WS till it take a black colour, acquires the property of de- 
W onizing, not only by a heat a very little ſuperior to 


that of boiling water, but likewiſe by a flight friction 
gain any body. Here, then, we have fulminating ſil- 
Wh vcr of a ſtill more ſingular nature than the gold fo 
called; which, however, owes its fulminating proper- 
ties to the ſame cauſe. The ammoniac decanted from 
above this oxide, depoſites, by flow evaporation, ſmall, 
bright, lamellated cryſtals, poſſeſſing the property of 
fulminating, even under water, by ſunple friction. 

: The ſolution of gold is precipitated by alkaline ſul- 
Wy pbures. When the fixed alkali combines with the acid, 
be ſulphur that is precipitated unites with the gold; 
yt this combination is not very permanent; it is 
enough to heat the gold, and the ſulphur is then volati- 
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lized, and the perfect metal left in a ſtate of purity, |, 
is proper to obſerve, that the gold precipitated from; 
ſolution by an intermedium, is perfectly pure, even mar; 
ſo than gold obtained by parting, being ſeparated fron 


the ſilver which it would otherwiſe have contained, » M 
conſequence of that metal being precipitated in the forn if 
of a muriate, even during the ſolution of the gold, 2 


we have above obſerved, 


Gold has not a greater affinity than all the other ne. | 
tals with the nitro-muriatic acid; on the contrary, 4. 


moſt any other metallic ſubſtance is capable of ſepan 


ting it from its ſolvent. Biſmuth, zinc, and mercur, 
precipitate gold. A plate of tin immerſed into a fol. Wi 
tion of gold ſeparates this perfect metal into a powds 
of a deep violet colour, which is called purple precij 
tate of Caſſiun. This precipitate, which is - uſed in Wl 
painting on enamels and porcelain, is prepared by dil 
ting a ſolution of tin in nitro-muriatic acid, with a lay Wi 
quantity of diſtilled water, and pouring upon it a fe 
drops of a ſolution of gold. When the ſolutions m 
pretty much concentrated, there is inſtantaneouſly formal 
a precipitate of a red crimſon colour, which in a veryfe i 
days changes to purple: the precipitate is light, av 
ſomewhat mucilaginous ; the liquor is filtrated, and ti: 
precipitate waſhed and dried. This matter is a con. 
pound of oxide of tin and oxide of gold; the prepar-ih 
tion of it is one of the molt tingular operations of cs i 
miſtry, on account of the variety and the inconſtanq i 
of the phænomena which attend it. Sometimes it u 
fords a beautiful red precipitate; ſometimes its colou Wil 
is only a deep violet: and what is moſt ſurpriſing, 'M 
happens pretty often, that the mixture of theſe two f 
ſolution Wil 
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k ketions. produces no precipitate. Macquer, to- whom 


theſe varieties were very well known, obſerves, that 
they depend almoſt always on the ſtate of the ſolution 
of tin employed. If the ſolution have been haſtily 
eſſected, the metal is too much oxidated, and there is 
too little of it contained in the ſolution for the acid of 
the ſolution of gold to act upon it; for he attributes 
the formation of the purple precipitate of Caſſius to the 
action of that acid upon the tin. According to him, 
to ſucceed in this operation, the ſolution employed muſt 
have been very flowly made, ſo as to contain as much 
tin as poſſible, without the metal being too much oxi- 
dated. He accordingly gives the following diwaftion, 
for preparing the purple precipitate. Diſſolve the tin, 
one part after another, in an acid conſiſting of two parts 
of nitric acid, and one of muriatic acid, with an equal 
weight of diſtilled water; on the other hand, diſſolve with 
the help of heat, a quantity of very pure gold in another 
mixed acid, conſiſting of three parts of nitric and one 
of muriatic acid. Dilute this ſolution of tin in an hun- 
| dred parts of diſtilled water; divide it into two parts; 
add to one of them a new quantity of water, and 
try both of them with a drop of the ſolution of gold ; 
obſerve then which of them affords the moſt beautiful 
red, and treat the other in the ſame manner with it; 
then pour in the ſolution of gold till it ceaſe to afford 
a precipitate. 
1 Lead, iron, copper, and ſilver, poſſeſs likewiſe the 
property of ſeparating gold from its ſolution. Lead and 
aver ſeparate it into a dirty dark purple precipitate. 
By copper and iron it is precipitated with its metallic 
iuſtre. The nitric ſolution of ſilver, and that of ſulphate 
K 4 of 


of iron, produce likewiſe a red or brown precipitate i 
a ſolution of gold. | 


gold. Only it is obſerved, that borax melted with thi 


but nitre and muriate of ſoda reſtore it to its forme 
ſtate. A ſolution of borax poured into a ſolution < 


metals as happen to be united with gold, elpecialy Wi 
.filver. The alloy is melted in a crucible 3 when it ; WF 1 
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Neutral ſalts act not in a very conſpicuous manner q 


metal alters its colour, and gives it a ſtrange paleneſ;: 


gold, forms a precipitate of boracic acid, impregnated 
with gold. 

Sulphur is incapable of combining with adds ard 
this mineral is therefore employed to ſeparate ſuch otha Wil 


fully melted, flowers of ſulphur, or ſulphur in powde, cob. 
are caſt on its ſurface : the ſulphur melting, and com. | whit 
bining with the ſilver, thus forms a blackifh ſcori, and 
which ſwims above the gold. It is to be obſerved, tha and 
the two metals are never entirely ſeparated - by by t 
operation, which is called dry parting ; and that itu 8. 
applied only to lumps of filver containing too little BW a1ch 
gold to be worth the Werd of parting by aqu- allo) 
tortis, _ cop; 

Alkaline ſulphure diflolves gold entirely. Stahl eve! anti 
thinks, that it was by fuch a proceſs that Moſes made 
the Ifraclites drink the golden calf that they had wor WP: i 
ſhipped. In making this combination, a mixture, col- oyec 
fiſting of equal parts of ſulphur and potaſh, is haſtily whit 
melted with a quantity of gold leaf, amounting to a {MiWinten 


2 4 

5 

=” 
* 


par 


eighth part of the weight of the whole maſs, Thu 7 ind 
melted matter is poured upon a ſurſace of porphyr!, art 
pulverized, and diluted with hot diſtilled water; it no Hamor 


lorms 2 yeilowiſh green ol ation, containing an auti 


1 erous ; 
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ferous ſulphure of potaſh. This metal may be preci- 
pitated by means of acids, and ſeparated from the ſul- 
phur precipitated together with it, by heating it in open 


hy veſlels. | 

ls: Gold combines with moſt metallic matters; and in 

ts combinations with them exhibits a number of im- 

portant phænomena. | 

ed It unites with arſenic. This metal renders its con- 
texture brittle, and its colour very pale. It is ſcarce 

0 poſiible to ſeparate the arſenic entirely from this 

0 mixture: the gold ſeems to render it more fixed in its 

lk 


nature. 
We are unacquainted with any alloy of gold with 


cobalt. It combines with biſmuth, which renders it 
W white and brittle; in the fame manner with nickel 
and antimony. As theſe metals are all eaſily oxidated, 
and moſtly fuſible, they are eaſily ſeparated from gold 
by the joint action of fire and air. 

= <ulphure of antimony has been loudly praiſed by the 
chemiſts as a purifier of gold. When this metal is 
lloyd with any extraneous metallic ſubſtance, ſuch as 
copper, iron, or ſilver, on melting with it ſulphure of 
antimony, the ſulphure unites with theſe ſubſtances, and 
parates them from the gold, which is found by itſelf 
Wt the bottom of the veſſel. This gold, however, is al- 
oyed with antimony ; it is purified by heating it to a 
white red. The antimony is then volatilized ; a very 
atenſe fire, however, is requiſite to ſeparate it entirely ; 
ad it is obſerved, the antimony carries with it ſome 
art of the gold. This proceſs, which was ſo famous 
among the alchemiſts, is in no way preferable to 
2 that 
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that in which ſulphur alone is employed for the {aq 4 
purpoſe. 

Gold eaſily unites with zinc: the mixed metal reſyl, 
ing from this union is the whiter, and the more brittl, 
in proportion as the quantity in which the zinc enten 
into the mixture is greater. An alloy conſiſting oi 


co 

equal parts of theſe two ſubſtances is of a very id 
grain; and takes ſo beautiful a poliſh, that it has ben 
recommended by Hellot as proper for making mina ly 
to teleſcopes, not liable to loſe their luſtre. When h ox 
zinc is ſeparated from the gold by calcination, the or re 
of the zinc is reddiſh, and carries with it a little gol, WF - 
as mentioned by Stahl. eit 
Gold has a greater affinity n any other ment iro 
ſubſtance with mercury, and decompoſes amalgam for 
any other metal with mercury, It unites with merem are 
in all proportions, forming with it an amalgan; ſub 
which the greater the proportion of the gold, is the 
much the more ſolid and the higher coloured, m in 
amalgam is liquified by heat, and cryſtallized by co ( 


ing, like almoſt all the other compounds of this kind bar 
We know not well what regular form it takes. M. Sa fere 
ſays, that its cryſtals are like feathered filver ; and tu oy: 


when viewed through the magnifier, they appear to vn 1 
quadrangular priſms. He aſſerts likewiſe, that the ma col: 
cury becomes fixed in this combination. This amalgu bon 
is uſed for gilding in water. gold. ent 


Although gold cannot be oxidated by the joint aun by! 


of the air and the fires of our furnaces, it ſuffers get 


change, however, when heated with mercury. Ma (er“ 
cury, with a forty-eighth part of gold, heated in a f 4 
- bottomed matraſs with a very narrow neck, on a ml IC 


' 
batl, 4 
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bath, in the ſame way as oxide of mercury is heated in 


preparing precipitate per ſe, is itſelf oxidated, and cauſes 
ut the ſame phænomenon to take place on the gold. 


ttle The mixture is changed into a dark red powder; and 
ten WS (is double oxide is obtained even much ſooner, ac- 
; of WY cording to M. Baume, than oxide of mercury heated by 
NS it(clf. 
2 Here, then, we have a metal which, though exceeding- 
iy difficult to oxidate by itſelf, haſtens and facilitates the 
tte oxidation of another metallic matter, which does not 
e readily ſuffer ſuch a change by itſelf, 
ou i Gold enters very readily into union with tin and lead: 
either of theſe metals totally deſtroys its ductility. With 
all iron it forms a very hard alloy, of which, inſtruments 
$ ol for cutting may be formed much ſuperior to thoſe which 
are made of pure ſteel. This mixed metal is grey, and 
an; WE ſubjet to the attraction of the magnet. Lewis propoſes 
8 the uſe of gold to ſolder ſmall pieces of ſteel neatly, and 
Thy in a very ſolid manner. 
00+ Gold combines with copper, which renders it red, 
ind, hard, and more fuſible. This alloy is fixed at dif- 
St RS ferent proportions for pieces of money, veſſels, and 
tl, WR 07's. 
ot Laſtly, Gold combines with ſilver, which changes its 
ne. colour, and renders it very pale. A certain difficulty, 
gu however, attends this mixture, on account of the differ- 
ent gravities of the two metals; as has been obſerved 
no dy Homberg, who ſaw them ſeparate when melted to- 
tha geber. The alloy of ſilver with gold forms the jewel- 
e. er's green gold. 
„s the uſe of gold is very extenſive, and as men 
ae agreed to uſe gold and ſilrer as common ſigns to 


* — 2 


repreſent 
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repreſent the value of all the other productions of nz 
ture and art, it is of great importance to be able to di 
tinguiſn the degree of the purity of any piece of thi 
metal, in order to the prevention of fraud, and that a 
the gold which circulates in commerce may be near} 
of the ſame intrinſic value. Juſt and ſevere laws hay 
preſcribed the particular alloy of gold to be employel 
in making utenſils, and have pointed out the prop. 
tions requiſite to give it a due degree of hardneſs ani AW ix 
inflexibility for that purpoſe. Chemiſtry affords mean 
for diſtinguiſhing with what quantity of any other ms LY 
tal, gold may be at any time alloyed. The operatin 
by which this is accompliſhed is called the aſay of gal 
'I'wenty-four grains of the gold to be aſſayed are cupd Wi 
led for this purpoſe, with forty-eight grains of (ile, i 

and four drachms of pure lead. The lead as it vim 
fies carries off with it the imperfect metals, ſuch ui 
copper, &c. The gold remains, after the cupellati Wi 
in combination with the ſilver. - Theſe two metals ag: 


are ſeparated by an operation which bears the name ge. 
parting. To part an alloy of gold and filver, is to inte 
parate the two metals by a ſolyent, which may act una na. 
the ſilver without affecting the gold. Aquafortis is con ies 
monly uſed. The deſign in adding the ſilver to Here. 
gold was, that all' the ſilver in the gold might be ce 
pletely difolved by the nitric acid; for experience Au 
ſhown, that gold muſt contain at leaſt twice its weighty © © 
ot ſilver, before the nitric acid can act ſo as to diflo * 
the ſilver totally. As three parts of ſilver are oftaM A 

thut 


added to the gold, this operation is called quarzatini 
as the gold compoſes in fact but one-fourth part of tz 
Mixtur 
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N mixture. The following is the way of performing this 


proceſs of parting. 
The cupelled alloy of gold and filver is firſt ham- 


mered flat, care being taken to heat and turn it frequent- 
Z ly, that it may not ſplit, nor ſeparate into ſmall parts, 
Jia conſequence of becoming hard and brittle under the 
uammer; it is then rolled up in feathers in a ſpiral 
orm; in this form it is put into a ſmall matraſs, and 
=: drams of precipitated aquafortis, unmixed with mu- 


riatic acid, but diluted with half that quantity of water, 


Wc poured upon it. The veſſel is expoſed to a mode- 
rate heat, till the mixture begin to efferveſce. The 
cher is ſoon after diſſolved, and the metallic coil takes 
=: brown colour. When the acid ceaſes to act, it is 
den decanted off; and a new quantity is poured upon 
thc metal, and boiled on it till the ſilver be entirely 


diſſolved. This ſecond operation is called a repetition. 
The acid is then decanted off, and the ſpiral piece of 
metal, now become very thin, and perforated with a 
great many holes, is waſhed ; it is poured with water 


WT into a crucible ; the water decanted off, the crucible 


made red-hot, and the gold now diſplays all its proper- 
ties. It 1s next weighed, and its weight ſhows the de- 


| sie of the ſineneſs of the gold. In order to know 


exactly what quantity of other metals gold contains, 


1 any maſs of gold whatever is ſuppoſed to conſiſt of 


twenty-four parts, called carats; and tg attain till 
greater accuracy, each carrat is divided into two and 
thirty parts, called thirty. ſeconds of a carat. If the gold 
thus aſſayed have loſt one grain in twenty-four, the maſs 
to which it belonged is conſidered as gold of twenty- 
three carats ; if a grain and an half, it is then gold of 


twenty | 
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twenty carats, ſixteen thirty-ſeconds, and ſo on. Thy 
weight made uſe of in aſſaying gold is called ſole weigh, 
and conſiſts commonly of twenty-four grains; it is di 
vided into twenty-four carats, which are again ſubdi. 
vided into thirty-two parts. There is alſo another weight 
uſed on the fame occaſion, weighing twelve grains, but 
divided into twenty-four carats, and the carat again 
into thirty-two parts. 
There are two important obſervations to be made on 
this operation of parting. 
1. It has been thought by ſome chemiſts, -that the ni. 
tric acid diffolves a little gold with the ſilver. M. 
. Baume has obſerved (pages 117 and 118 of the third 
volume of his. Chemiſtry), that ſilver extracted from gold 
by parting, retains in it a diſcernible quantity of the 
gold. From two pounds of fine grain-filver, which that 
chemiſt employed in making Lapis Infernus, he fays, 
that he uſually ſeparated about half a dram of gold 
in black powder. However, when the operation of 
parting is effected with an acid not too much concen- 
trated, and the ſolution not carried too far, the gold 
then remains pure and uninjured, and there is none of 
it diſſolved with the ſilver. The chemical claſs of the 
Academy have been employed by adminiſtration, to ex- 
amine whether the nitric acid diſſolves gold in the pro- 
cels of parting. From a long train of experimentt 
made for this purpoſe, they have concluded, that, in 
ce the proceſs of parting, performed according to the 
received rules and mode of operation, the gold can 
C never ſuffer the ſmalleſt loſs ; and that the operation 
< is to be regarded as carried to the utmoſt perfection 


« of which it is capable.” This deciſion, which we 
have 
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have extracted from the Report publiſhed by the Acade- 


he 
bt, my on the occaſion, cannot but give full ſatisfaction to 
di. the public, and re-eſtabliſh their confidence in the pro- 
di. ceſs i in queſtion. 
tt 2. Many gentlemen ſkilled in aſſay ing, and among others 
ur &hindler and Schlutter have been of opinion, that the 
un gold after parting {till retains a little filver. That por- 
non they call fercharge, or inter-halt. Meſſrs Hellot, 
on Macquer, and Tillet, being employed to examine the 
operation of the money. aſſayers, proved this aſſertion to 
ll. de groundleſs. M. Sage, however, in his work entitled, 
. The Art of Aſaying Gold and Silver, page 64, aſſerts, 
rd that the ſpiral piece of gold always retains a little ſilver, 
Id which may be proved to exiſt in it by diſſolving the ſuſ- 


pected gold in twelve parts of nitro-muriatic acid: the 
ſolution being cooled, depoſites in a certain ſpace of 
time, often twelve hours after it is made, a little mu- 
rate of ſilver, in the form of a white powder. 

Gold is applied to a'great many uſes. Its ſcarcity, 
Ne and the high value ſet upon it, hinder it from being 
Id uſed for veſſels and other utenſils, like filver ; but as 
of Wi its colour and luſtre are very pleaſing to the fight, it 
e 18 therefore applied as a gilding or plating to the ſur- 


. laces of many bodies, which it at the ſame time defends 
0- from the impreſſion of the air. 

ts The modes of gilding are very various. Gold-leaf 
in is ſometimes glued on pieces of wood. Powder of gold 
e i prepared by braying clippings of gold- leaf with honey, 
t waſhing them with water, and drying the particles of 


n old that are precipitated. Shell. geld is an oxide of 
n gold diluted in a mucilaginous liquor, prepared by the 
e lolution of a gum in water. The name of gold in rags 
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is given to the following preparation : Pieces of ling 
ſteeped in a ſolution of gold, dried and burnt. In ny, 
king uſe of them, a wet cork is dipped in theſe aſhe, 
and rubbed upon filver ; on which the gold, being in 
ſtate of extreme diviſion, readily fixes. We have z. 
ready ſpoken of gilding with water-gold. To make 
uſe of it, the piece of copper to be gilded mult firſt be 
well ſcoured with ſand and a weak aquafortis, which the 
workmen call ſecond water; it is then immerſed into: 
very weak ſolution of mercury: the mercury being pre, 
cipitated, cauſes the amalgam of gold, which is applied 
to the piece, after waſhing it with water, to carry awy 
acid, to adhere. When the amalgam is uniformly ex. 
' tended over the copper, the piece is then heated on the 
coals, to volatilize the mercury; the operation 1s concly. 
ded by rubbing upon the gold gilder's wax, which i 
compoled of red bole, verdigris, alum, or martial vitrid, 
with yellow wax, and heating the gilt piece for the la 
time to burn the wax. 

The other uſes of gold for toys and laces are ſuf 
ciently known, ſo that it is unneceſſary for us to ini 
on them here. With reſpect to the medicinal virtus 
which have been aſcribed to} it, the beſt phyſicians 
- preſent agree in denying their exiſtence, and think tha 
any effects produced by the ſeveral potable preparation 
of gold mult have been owing not to the gold, but t 
other matters mixed with it in the ſolution. | 

| CHAP, 

A valuable gald mine has been lately diſcovered in Ireland, Golds 
ſtill found in ſpangles, in the brook of Glengonar, in Crawfurd-Muir, is 
Scotlard. Gold exiſts naturally in all vegetables. It is highly probabe, 
notwithſtanding the experiments of the French Academy, that vin 


zcid, however pure, always diſſolves a certain proportion of gold jud- 


jected to its action, in the ordinary proce's of parting. H. 


C HAP. III. 


Of Plalina. 


2 


LATINA, which has been known as a peculiat 

metal only during the laſt forty years, has not yet 
been found any where but in the gold-mines of Ame- 
rica, particularly in that of Santa Fe, near Carthagena, 
and in the bailiwick of Choco in Peru. The Spaniards 
have given it this name from plata, which in their lan- 
guage ſignifies ſilver; comparing it with this metal, of 
which it has in fa@ the colour : But the name of white 
gold appears to agree much better with its nature than 
that of ſmall fikver ; for in its properties it reſembles gold 
much more than ſilver. 

Before the period which we have mentioned, there 
were ſome toys of platina. But as this metal cannot 
de melted and wrought by itſelf, it is probable that the 
uff. boxes, heads of canes, and other utenſils of this 
kind, ſold under the name of platina, were mixtures of 
that metal, with ſome other metallic ſubſtances ; which, 


as we ſhall ſee, are neceſſary to render it fuſible. 
Vor, III. L The 
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The platina in cabinets is in the form of ſmall graim 
or ſpangles of a livid white, inclining at once to th 
colour both of iron and of filver. Theſe grains ay 


mixed with various extraneous ſubſtances ; they Pr 
found to contain ſpangles of gold, blackiſh ferruginoy WW (ame 
ſand ; grains which, when viewed with the magniße, WW its gt 
appear to be ſcorified like machefer, and ſome partic WW from 
of mercury. The mercury is ſeparated from this mix. WW prett 
ture by heating it; waſhing carries off the ſand N poſſe 
the grains of iron; the iron may likewiſe be ſeparate beine 
by the magnet: after this there remains nothing bu conta 
gold and platina, which may be eaſily ſeparated by pick nere 
ing, as Margraff has done. The grains of platina, whe in ex 
examined with the microſcope, appear, ſome of then Th 
triangular, others round and flat, like ſmall cakes. Wha et t 
hammered upon ſteel, moſt of them are found to een 
malleable and ductile: ſome of them break into pieces Mitten! 
on ſuch an occaſion. Theſe, when narrowly examined, ery! 
are found to be hollow, and to contain within, iron and work. 
a white powder. It is, doubtleſs, on the principle « ebte 
their containing ferruginous particles, that the property AC 1102 
which ſome grains of platina poſſeſs of being ſubjed ere 
the attraction of the loadſtone, however purified fron he fi 
ferruginous ſand, is to be accounted for. | Publiſ 
This metal is very nearly as hard as iron. The eon © 
cific gravity of platina, mixed with the ſeveral exm Margit 
neous matters which we have mentioned, is nearly eq ear 
to that of gold: in water it loſes from a ſixteenth to bi. 
eighteenth_part of its weight. Buſfon and M. Tie er d 
on comparing, by weight, equal bulks of platina f eate 
gold reduced to grains like thoſe of platina, found tc 8 
ich 


ſpecific gravity of platina to be one twelfth leſs that 
1 N Ki 


Of Platina. 163 


that of gold. It has been aſcertained by later experi- 
ments, that platina, after being purified by a long fu- 
fon, is ſuperior in ſpecific gravity to gold. 
Probably platina is not found in the mines in the 
ame form in which it is brought to us; it poſſibly owes 
its granulated form to the waters which carry it down 
from the hills into the plains. Ir is ſometimes found in 
pretty conſiderable pieces : the Society of Biſcay are in 
poſſeſſion of a piece as large as a pigeon's egg. Platina, 
being found in places adjacent to gold-mines, always 
contains a certain quantity of that metal. As to the 
mercury mixed with it, this metal has been employed 
in extracting the gold. | 
Though toys made of platina have long been ſold, 
et the peculiar nature of the metal was unknown. 
ven the workers of mines had not paid any particular 
attention to it; but neglected a matter which had'no 
ery beautiful aſpect, and was beſides very difficult to 
vork. For our firſt knowledge of platina, we are in- 
ple d ebted to a Spaniſh mathematician, Don Antonio de 
oper) oa, who accompanied the French academicians that 
ect u rere ſent on the famous journey to Peru, to aſcertain 
| fron be figure of the earth. In the account of his journey, 
Publiſhed ar Madrid in the year 1748, he makes men- 
e ſpe ion of this metal. Charles Wood, an Engliſh metal- 
ext Murgiſt, had brought ſome of it from Jamaica in the 
equi ar 1741. He then examined it, and gave an account 
to ur bis experiments in the Philoſophical Tranſactions 
Tille, er the years 1749 and 1750. At that period, the 
a aol WF <atelt chemiſts in Europe engaged eagerly in the exa- 
ad t ination of this new metal, the ſingular properties of 
5 that hich promiſed to render it ſo uſeful. Scheffer, a 
that L 2 ' Swediſh 
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Swediſh chemiſt, publiſhed an account of his exyer 


ments on platina, in the Memoirs of the Academy d 
Stockholm for 1752. Lewis, an Engliſh chemiſt, made 
a ſeries of experiments, almoſt- complete, - upon thi 


metal, which may be found in the Philoſophical Tran. 
actions for the year 1754. Margraff has given a detai 


of his experiments on this new metal in the Memoirs q 


the Academy of Berlin for 1757. Moſt of theſe ſem. 
rate memoirs have been collected into one body hy 
M. Morin, in a work entitled, Platina, white gold, d 
the eighth metal, Paris 1758. About the ſame tine, 
Meſſrs Macquer and Baume jointly made many in. 
portant experiments on platina; an account of which 
has been publiſhed in the Memoirs of the Acadeny 
for the year 1758. Buffon, in the firſt volume of the 
Supplement to his Natural Hiſtory, gives an account 
of a train of experiments on platina, made by himſel; 
M. de Morveau, and the Count de Milly. The Bam 
de Sickengen likewiſe engaged in a ſeries of reſearche 
on the metal of which we are now ſpeaking z but hi 
work has not yet been publiſhed in French. Macque 
gives an extract from it in his Chemical Dictionary. N 
de Lille has preſented to the Academy a paper on platim 
The ſcarcity of the metal, and the difficulties attendig 
the treatment of it, have retarded our progreſs toward 
a complete knowledge of its properties: but of late tl 
inquiries concerning it have been reſumed with new u 
dour. Bergman, M. Achard, and M. de Morveau, hat 
examined this metal in reſpect to ſeveral of its prope 
ties, which were before but little known. 
- Platina, when purified and ſeparated by waſhiny 
picking, and muriatic acid, from the extraneous bod 
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conglomerating a little more by expoſure to the moſt 
jntenſe heat. All the chemiſts who have examined the 
metal agree in this. Meſſrs Macquer and Baume kept 
platina for a number of days expoſed to an unremitting 
fre in a glaſs-houſe, without producing any other al- 
teration on its grains, but that of making them adhere 
lightly together; and they were even ſo feebly agglu- 
tinated as to be ſeparable barely by touching them. In 
theſe experiments, they obſerved, that platina acquired 
a luſtre when heated to a red white; that when very 
long expoſed to heat, it took a dirty grey colour; and, 
laſtly, that, as Margraff had aſſerted, it conſtantly in- 
creaſed in weight; which could only happen in conſe- 
quence of its being reduced in part to oxide ; a change 
which it appears liable to ſuffer from the action of fire. 
Thoſe chemiſts expoſed platina to. the focus of a burning 
laſs: it firſt ſmoked, and gave out very red and lively 
ſparks ; the portions of metal expoſed to the centre of 
the focus were next melted in about the ſpace of a 
minute : the melted parts were of a ſparkling white co- 
lour, and in the form of a button ; they were diviſible 
into plates with a knife. One of theſe maſſes of melted 
platina being ſtruck upon ſteel, became flat, and was 
reduced into a plate without ſplitting or cracking : it 
became hard and brittle under the hammer, This fine 
experiment ſhows platina to be fuſible by extreme vio- 
lence of fire; to be malleable like ſilver and gold; and 
to be liable to very little alteration from the action of 
fre: for in all of theſe experiments, moſt of which were 
performed in the open air, the platina exhibited no 
marks of being oxidated. M. de Morveau likewiſe 
effected the fuſion of platina by heating it in the wind- 
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furnace deſcribed by Macquer, with his reduQtive flux, 
conſiſting of eight parts of pounded glaſs, one part d 
calcined borax, and half a part of charcoal in ponde. 
At preſent it is very eaſily melted in ſmall 
without the addition of any other ſubſtance, by heating 
it on a burning coal with a ſtream of vital air: but th 
globules, thus melted, are ſo very ſmall, that they can 
anſwer no purpoſe. 

Platina ſuffers no alteration from 8 to the air 
we know not, however, what might happen, if it ven 
kept for a long while red-hot, in contact with air: 
perhaps it would be oxidated, as Juncker aſſerts thi 
ſilver and gold are, when heated in this way. 

This metal ſuffers no alteration from water, - earthy 
matters, ſalino-terrene ſubſtances, or alkalis. 

Neither the ſulphuric acid, however highly concen. 
trated, the nitric, nor the muriatic acid, however {trong 
and fuming, act at all on platina, even though aſliſtel 
by ebullition. Diſtillation, a method which chemiki 
have always found very effectual in promoting the ac 
tion of acids on metallic matters, does not effect ary 
ſolution or alteration of theſe mixtures; only, the {ul 
phuric acid has been obſerved by Meſſrs Lewis and 
Baume, to tarniſh the colour of grains of platina. Tie 
nitric acid again improves their luſtre, -Margralt lays 
that he obtained, by diſtilling this acid with platina, is 
wards the end of the operation, a little arſenic ; whid 
phænomenon has not been obſerved by any ode 
chemiſt. The muriatic acid produces no change d 
platina. Margraff likewiſe obtained, by diſtilling tis 
acid on the metal, a white ſublimate, which appear 


to him to be arſcnic, and a reddiſh ſublimate, the qui 
li 
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tity of which was ſo ſmall, that he could not examine its 
properties. All of theſe ſubſtances are evidently extra- 
neous to platina. This metal, therefore, reſembles gold, 
in being but little fubject to be affected by the action of 
ſimple acids; but ſtill more in being ſoluble in the oxi- 
genated muriatic, and in the nitro-muriatic acid. 

The firſt of theſe acids diſſolves platina with eaſe, and 
without requiring the aſſiſtance of any conſiderable heat: 
Fifteen or twenty degrees of heat in the atmoſphere are 
ſufficient to promote. this ſolution : it takes place without 
any ſenſible efferveſcence; and, in other reſpects, per- 
fectly reſembles the following ſolution. 

The nitro- muriatic acid, which is the moſt power- 
ful ſolvent of platina, is that confiſting of equal parts 
of nitric and muriatic acid. To effe& this ſolution, 
which is generally more difficult than that of gold, an 
ounce of platina muit be put into a retort, and a, pound 
of nitro-muriatic acid, conſiſting of the above-mention- 
ed proportions, mixed with it: the retort muſt then 
be put on a ſand- bath, and a receiver fitted to it. As 
ſoon as the acid becomes hot, there iſſue from it ſome 
bubbles of nitrous gas, not in great plenty. The mixed 
acid acts calmly and flowly : this acid, however, takes 
at firſt a yellow colour, which changes to an orange, 
and becomes gradually deeper, till it be changed into 
a very dark brown red. When the ſolution is ended, 
particles of reddiſh and black ſand are found at the 
bottom of the retort, and are ſeparated by decanting off 
the liquor; the ſaturated liquor gradually depoſites 
(mall irregular cryſtals of a duſky colour, which are a 
combination of the acid with platina. The ſolution of 
vlatina is among the higheſt coloured of metallic ſo- 
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lutions. Though it appears to be of a deep brown c 
lour, yet when it is diluted in water, the fluid takes 3 
firſt an orange colour, which in a ſhort time becom 
yellow, and very like the ſolution cf gold: it commy, 
nicates to animal matters a blackiſh brown tinge; which, 
however, is by no means purple. M. Baume ſays, thy 
platina, melted in the focus of a burning glaſs, an 
diſſolved in aqua-regia, never takes a brown colour, lik 
that of platina in grains; and that the ſolution is of; 
deep orange yellow. 


Macquer aſſerts, that on evaporating the ſolution of 


platina, and ſuffering it to cool, cryſtals are obtaine 
from it, much larger, and much more beautiful, tha 
thoſe which it depoſites of itſelf when ſaturated. Levi 
on ſuffering this ſolution to evaporate in the open air, 
obtained cryſtals of a deep red colour, tolerably large 
of an irregular form, and pretty like the acid of benzion, 
but thicker, Bergman deſcribes them as having u 
octohædral form. This ſalt is tart, but not ven 
cauſtic ; it melts with heat, gives out its acid, and leave, 
as a relidue, a dark grey oxide. The concentratel 
ſulphuric acid produces in it a dark-coloured precipitate, 
which is no doubt ſulphate of platina. The muriati 
acid likewiſe produces in it, in the courſe of time, a yt 
lowiſh ſediment. 

Alkalis and ſalino-terrene matters decompoſe the {ov 
lution of platina, and precipitate the metal in the ſiat 
of oxide. Carbonate of potaſh produces an orange pt 
cipitate in the ſolution of platina. This precipitate 
not a pure oxide of platina. Meſſrs Macquer and Baum 
have obſerved, that it owes its colour to its containing 
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1ered as a mixture of oxide of platina with muriate of 
potaſh, or a kind of triple ſalt. A proof of this opinion 
is, that when this precipitate is waſhed with hot water, 
the fluid acquires a colour by diflolving the ſalt of pla- 
tina, and the reſidue is pure oxide of platina, of a grey 
colour. Fixed alkali, boiled on this precipitate, inſtant- 
y deprives it of its colour, leaving an oxide of platina 
of a grey white pearl colour, according to the experi- 
ments of M. Baume. That chemiſt made himſelf cer- 
tain, that the precipitate of platina is ſoluble in alkali; 
for, on pouring a ſolution of the metal into a hot ſolu- 
tion of carbonate. of potaſh, he found no precipitate 
produced: and this ſolution, precipitated by fixed al- 
kali, always retains on this account a deep colour; and 
platina may be eaſily obtained by evaporating it to dry- 
neſs. Margraff diſcovered, that ſoda does not precipi- 
tate the ſolution of platina: but Bergman has obſer- 
ved, that, on putting into it a great quantity of this 
alkali, there is a precipitate ſpeedily enough pro- 
duced. | 

The alkaline Pruſſiates form a copious blue precipi- 
tate, which, according to M. Baume, is owing to the 
iron contained in the alkali; for if the Pruſſiate of pot- 
aſh be purified by the proceſs which that chemiſt de- 
ſcribes for the purpoſe, from the iron which it con- 
tains, it no longer affords any more than a few par- 
ticles of blue, which are owing to the metal's ſtill re- 
taining a ſmall portion of iron. Bergman aſſerts, that 
an alkaline Pruſſiate, highly ſaturated and very pure, 
does not precipitate the ſolution of platina; and that 


(tus metal is the only one not liable to be precipitated 
by 
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by this re. agent; and therefore propoſes it for ſeparating 
the iron which is always in union with platina. 

Cauſtic ammoniag produces an orange precipitate in 
the ſolution of platina. This precipitate is almoſt eg. 
tirely ſaline; for water diſſolves moſt part of it, taking 
a colour like that of the ſolution of gold. After the 
water has acted on this precipitate, there remains: 
blackiſh ſubſtance, which appears to be ferruginoy, 
One effential difference between the precipitate of pl, 
tina and that of gold by ammoniac, is, that the forme 
is not fulminating like the latter. 

Nut-gall, or rather the gallie acid, produces, in the 
ſolution of platina, a deep green precipitate, which be. 
comes gradually pale by reſt. 

All precipitates of the ſolution of platina obtained b 
alkaline matters, are incapable of being vitrified, and 
of colouring glaſs by furnace-fires. In the attempt 
made by Meſſrs Lewis and Baume to accompliſh this, 

the platina was always reduced to grains, which wen 
arranged in ramifications, or a kind of chequer. work: 
Platina may be obtained in a ſort of button, by exps 
ſing theſe precipitates to heat, together with ſome 
reductive fluxes, ſuch as borax, cream of tartar, glal 
&c. Meſſrs Macquer and Baume, melted, in five att 
thirty minutes, at a forge-fire, blown by two {trong 
bellows, a precipitate of platina mixed with theſe fluxes 
They obtained in a hard blackiſh glaſs, like bottle 
claſs, a brilliant button of platina, which appeared t 
have been in fuſion. This button was not ductile: it 
broke into two pieces; in conſequence of which it va 
obſerved to be hollow within. It was nearly of the ſame 


hardneſs with forged iron, and made deep ſcratches it 
gold 
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„in copper, and even in iron. Notwithſtanding 
what we have obſerved. of precipitates of platina, as not 
deing liable to vitrify or mix with glaſs, Baume melted 
them into a vitriform matter by two different proceſſes. 
The precipitate of. platina, mixed with calcined borax 
and a very ſuſible white glaſs, and expoſed for fix and 
thirty hours to the heat of the hotteſt place of a furnace 
for pottery, afforded him a greeniſh glaſs, inclining to 
yellow, and containing no globules of reduced metal. 
This glaſs. being treated anew with cream of tartar gyp- 
ſum, and potaſh, was thoroughly melted, but contained 
ſmall globules of platina diſperſed through it. M. Baume 
ſeparated them by waſhing, and found them to be duc- 
tile, He then, in conjunction with M. Macquer, ex- 
poſed precipitate of platina in the focus of the ſame 
burning-glaſs with which they had melted the metal. 
The precipitate emitted a very thick luminous ſmoke, 
which diffuſed- a {ſtrong ſmell of nitro-muriatic acid: it 
loſt its red colour, and reſumed the natural colour of 
platina ; and it melted into a gloſly ſparkling button: 
which button was an opaque vitreſcent matter, of an 
hyacinth colour on the ſurface, and blackiſh internally, 
and may be conſidered as a real glaſs of platina. It is, 
however, neceſſary for us to obſerve, that the ſaline mat- 
ters with which it was impregnated, muſt, without doubt, 
have contributed to its vitrification. 

Ide precipitate of platina does not appear to be ſo- 
luble in ſimple acids; but it diſſolves readily in the ni- 
tro-muriatic acid, to which it communicates only an 
orange colour ; never a brown like platina in grains. 

The ſolution of platina is not precipitated by alkaline 
or perfect neutral ſalts ; but ammoniacal mur{ate pro- 
duces 
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duces in it a copious precipitate. We know not 5e 
well what paſſes on this occaſion. It appears, that the 
orange colour obtained by pouring a ſolution of ammo. 
niacal muriate into a ſolution of platina, is a true faline 
ſubſtance entirely ſoluble in water. This precipitat 
poſſeſſes one property of no ſmall importance, which vn 
firſt obſerved by M. de Liſle; it melts alone, without 
any addition, in a good ſtrong furnace: fire, or in the fire 
of a common forge. The platina melted by this proce 
is a ſparkling button of conſiderable denſity and cloſe. 
neſs of grain, but not malleable, and not liable to be. 
come ductile, unleſs when expoſed to a pretty ſtrong 
heat. Macquer is of opinion, that the ſame thing take 
place in this inſtance of fuſion, as when grains of plz 
tina are expoſed by themſelves to the action of a ſtrong 
fire; and that what is affected is nothing but an agglu- 
tination of the particles ſoftened by the heat; which be. 
ing much more minute than grains of platina, ar 
brought more completely into contact with each other 
than thoſe grains can be; in confequence of which, 
though no real fuſion take place, yet the grain of the 
metal is much cloſer in this than in the former caſe 
It appears, however, that as platina in grains is liable 
to melt in a burning-glaſs, and acquires, by that means, 
conſiderable ductility; ſo the precipitate of this metal 
produced by ammoniacal muriate, being in a ſtate of 
extreme diviſion, may be alſo melted ; and if the pre 
Cipitate acquire not by fuſion the fame ductility vin 
platina melted by the rays of the ſun, this is perhaps 
owing to its ſtill retaining ſome matter which was inter- 
mixed with it when it was precipitated ; but may be 
ſeparated from it by the action of fire, 
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Margraff diſſolved platina in aqua-regia, conſiſting of 
6xteen parts of nitric acid, with one of ammoniacal mu- 
riate, On diſtilling this ſolution to dryneſs, and even 
till che retort became red-hot, a dark red ſalt was ſublima- 
ted, and the reſidue was a Teddiſh powder. It is not 


— 
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regia, that is, agua: regia conſiſting of nitric and mu- 
natic acid, would afford the ſame ſublimate by diſtilla- 
tion. | | 

© Meſſrs Margraff, Baume, and Lewis, mixed the ſo- 
lution of platina with ſolutions of the other metal- 
lic ſubſtances. From theſe experiments it appears, that 
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; almoſt all metals precipitate platina in a brick-red or a 
J brown powder; and that, agreeably to what happens to 
8 molt other metals, none of theſe precipitates poſſeſſes 
. the properties of a metal. In this there is an analogy 
b between gold and platina: with tin, however, platina 
e does not give a purple, but a brown precipitate, incli- 
7 ning to red. With reſpe& to the effects which the ſeve- 
„ ral metallic ſolutions produce on the ſolution of platina, 


we ſhall only obſerve, that ſolutions of biſmuth and lead 
by the nitric acid, of iron and copper by any of the 
acids, and of gold by aqua-regia, produce, none of them, 
any precipitate in the ſolution of platina, according to 
Margraff : but again, ſolutions of arſeniate of potaſh, of 
nitrate of zinc, and nitrate of ſilver, are capable of pre- 
cipitating the ſolution of platina : with the firſt, it yields 
a ſcanty cryſtallized precipitate of a beautiful golden co- 
lour; with the ſecond, an orange. red matter; and with 
the third, a yellow matter. Theſe different precipitates 
have not been yet carefully examined ; nor is it known 
by what decompoſition they are produced. 

1 Scarce 


known whether the ſolution of platina in ſimple aqua- * 
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Scarce any of the neutral ſalts acts upon plating, 
Margraff heated platina with ſulphate of -potaſh and 
ſulphate of ſoda at a ſtrong fire. The ſalts were melted, 
but the platina remained in grains without alteration; 
only it communicated a faint reddiſh colour to the 6. 
line matters, which it was enabled to do, no doubt, by 
means of the iron mixed with it. 


Nitre, according to the experiments of Lewis and 


Margraff, alters platina in a ſingular manner. No de. 
tonation takes place when a mixture of theſe two ſub. 
{ſtances is caſt into a crucible; but when a mixture, 
conſiſting of one part of platina and two of nitre, is ex. 
poſed for a conſiderable time to an intenſe heat, a 
Lewis expoſed it for three days and three nights ſuccel. 
ſively, the metal takes a ruſty appearance. If this mix. 
ture be boiled in water, the fluid diſſolves the alkali, 
which carries with it a browniſh powder; and the pla. 
tina ſeparated by this waſhing is found to be one third 
leſs than the original quantity. 'The brown powder 
may be ſeparated from the alkali by filtration. This 
powder appears to be a kind of oxide of platina, mixed 
with a little oxide of iron. Lewis cauſed it to take a 


whitiſh grey colour, by diſtilling it many times ſuccel- | 


ſively with ammoniacal muriate. Margraff repeated thus 
valuable experiment, and has added two important fads; 
platina combined with alkali of nitre, and diluted in 
a certain quantity of water, forms a jelly: A portion 
of the metal ſeparated from this jelly, by dilution 
water and filtration, takes a black colour like pitch. 
From theſe circumſtances, it appears, that the platin 
| ſuffers in this proceſs ſome great alteration ; and it 


withed, that theſe experiments were farther proſecuted, 
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in örder to determine whether by repeated oxidation 

wich nitre, this metal might be wholly reduced to a 

brown powder; as alſo to aſcertain the ſlate of the pla- 
tina thus oxidated. 

Muriate of potaſh or ſoda, 1 or earthy ſalts, pro- 
duce, none of them, any alteration on platina, nor con- 
tribute in any degree to its fuſion. Ammoniacal mu- 
fate ſublimated with this metal affords a ſmall quantity 
of martial flowers, on account of — iron contained in 


N the platina. 

: Chemiſts have not agreed with regard to the mutual 
„ action of arſenic and platina. Scheffer firſt gave out 
N that arſenic ated as a flux to platina; but the experi- 
. 


ment ſucceeded only in part with Lewis, and did not 
ſucceed at all with Margraff, Macquer, and M. Baume. 
This experiment has been ſince repeated; and it is now 
eſtabliſhed as a fact, that arſenic does cauſe platina to 
melt very readily; and that the mixture produced by 
this fuſion is exceedingly brittle. When the arſenic is 
ſeparated by roaſting, and the perfect metal expoſed to 
I 2 continued heat, the latter becomes ductile. By this 
proceſs, M. Achard and M. Morvęau have accompliſhed 
the making of crucibles of platina, by melting it a ſe- 
cond time in moulds. 

No attempt has yet been made to combine cobalt, 
nickel, or manganeſe with platina. 

This perfect metal enters readily enough into com- 
bination with biſmuth ; which renders it fuſible, and 
the more ſo the greater the quantity of the biſmuth. — 
This mixture is brittle ; it becomes yellow, purple, and 
backiſh in the air; it cannot be cupelled without the 
greateſt 
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FY 
greateſt difficulty; the maſs has always very n duc. 
tility. * 
Platina eaſily melts with antimony: the a; il 
brittle metal with facets, from which the antimony 
may. be ſeparated by the action of fire, but which ill 
retains, whatever means may be uſed for its ſeparation, 
ſo much of the antimony as is ſufficient to deſtroy thy 
gravity and duQility of the platina, 
Linc renders platina very fuſible, and combines yer 
eaſily with it ; the mixture is brittle, and reſiſts the file: 
it inclines to blue in colour, when the platina is more 
copious than the zinc. Theſe two metallic matters a 
ſeparable by the action of fire, which volatizes the zine; 
platina, however, always retains a little of it. 
Platina does not combine with mercury ; and though 
triturated together for hours, theſe two metallic matten 
cannot be formed into an amalgam. It is alfo known, 
that in America mercury is employed to ſeparate platin 
from gold. Various intermedia, ſuch as water, which 
Meflrs Lewis and Baume made uſe of, and nitro-muriz 
tic acid, which M. Scheffer employed, contribute nothin! 
to the union of platina with mercury. It reſembles ira 
in this property, as alſo in colour and hardneſs. 
Platina readily combines with tin. The mixture i 
very fuſible, and melts into a flowing liquid. It is{ 
brittle as to break even by a blow, when the two metal 
are united in equal parts. When tin is in the propet 
tion of twelve or more parts to one of the platina, the 
mixed metal is then ſufficiently ductile; but its grains 
coarſe, and it becomes yellow in the air. The platin by fat 
diminiſhes the duality of the tin in an amazing degret ivell 
and it does not appear that any advantage can be det vol 
vel 
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val from this mixture. However, when well poliſhed, it 
remains long in the air without ſuffering alteration. 
W | cis, to whom we owe molt of our knowledge con- 
| cerning the mixtures of platina, oxidated the metal, and 
Jifſolved it in muriatic acid by means of the tin. 

Lead and platina combine very well by fuſion; but 
. ſtronger fire is requilite to melt them than to melt the 
foregoing mixture. The platina deſtroys the ductility 
of the lead. From the combination of theſe two metals 
there reſults a mixed metal, nearly of a purple colour, 
more or leſs brittle according to the proportions of the 
platina, ſtriated and granulated in its fracture, and liable 
to alter very readily in the air. Cupellation of lead 
was one of the moſt important experiments to be made 
on platina ; for this was the only operation that could 


p be expected to ſeparate from it ſuch extraneous matters 
on . . . . * 

25 it might contain. Lewis, and ſeveral other chemiſts, 
W Mr attempted to cupel platina in common cupelling 
Ina : 
4 furnaces, whatever the degree of the, heat employed in | 


thoſe furnaces. On account of the exceſs of the lead, 1 
it is vitrified and abſorbed in the beginning of the ope- 
nion; but the platina ſoon becomes fixed, and the pro- 
preſs of the operation ſtops ; the perfect metal remains 
in union with a portion of the lead, and js without duc- 
ity, Meſſrs Macquer, and Baume effected the com- 
plete cupellation of platina, by-expoſing an ounce of, 
ls metal with two ounces of lead to the heat of the 
ctteſt place of the porcelain- furnace at Seves, The 
Food fire that they kindled in it burned for fifty hours 
ninterruptedly. At the end of that time the platina 
ay flat upon the cupel : its upper ſurface was dark and 


mrelled, and was eaſily ſeparable from the reſt ; its 
VoL. III. M under 


under ſurface was brilliant ; and what is of moſt in, 


portance, it was now ſufficiently malleable. The 4 - 
chemiſts aſcertained, by every poſlible means, the platin; « fin 
to be very pure, and unmixed with lead. M. de My. Pl: 
veau likewiſe ſucceeded in cupelling a mixture of wich 
dram of platina with two drams of lead in Macquer, e ; 
wind-furnace, This operation, which was four tings at 
repeated, laſted eleyen hours. M. de Morveau obtaine lable 
a button of platina, not adheſive, uniform, coloured lik pla 
tin, ſomewhat rough, weighing exactly a dram, and n« WW... 
ſubje& to the attraction of the magnet. This is ther 1 
fore a convenient proceſs, by which platina may be met, able 
ed into plates that may be wrought in the forge ; A ber m 
of conſequence made into various utenſils of great vai gon a 
for their hardneſs and unalterability. M. Baume like ems 


wiſe obſerved it to poſſeſs this valuable property, thy 
different pieces of it may be ſoldered and wrought ts 
gether like iron, without the intervention of a third m 
tal. After heating two pieces of platina that had bea 
cupelled in the furnace of Seves to a white red, he pu 
the one upon the other, and ſtruck them with a hu 
mer; and by this management the two pieces weten 
ſufficiently and ſolidly ſoldered as any two pieces of ira 
could have been. It is not neceſſary that we ſhould is 
ſiſt long on this experiment, to ſhow what advantags 
the arts may derive from it. 
Lewis could not obtain a mixture of forged iron at 
platina. A mixed metal of this kind would poſſeſ 
once the hardneſs of tempered ſteel, and a conſidera 
degree of ductility; it would not at leaſt be fo brittle 
iteel. The Engliſh chemiſt, whom we have cited, mt 
ec a mixture of caſt iron and platina, The alloy u 
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ſo hard that the file could make no impreffion upon it: 
+ had little ductility; but when red-hot it broke with 
2 ſmooth fracture. 

Platina communicates hardneſs to copper, and melts 
wich it eaſily enough. This mixture is duQtile when 
the proportion of the copper is three or four times 
that of the platina. It takes a fine poliſh, and is not 
liable to be tarniſhed in the courſe of ten years. 

Platina deſtroys in part the ductility of ſilver, in- 
creaſes its hardneſs, and tarniſhes its colour. The mix- 
ture is very difficult to melt. The two metals are ſepa- 
table by fuſion and reſt. Lewis obſerved, that the ſil- 
yer melted with platina is daſhed with a kind of explo- 
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don againſt the ſides of the veſſel. This phenomenon 
ke WT ſeems to be effected ſolely by the ſilver ; for M. d' Arcet 
ua that metal burſt bowls of porcelain, in which it was 
o-WWincloſed, and ſpring out of thoſe veſſels in conſequence 
ef the action of the fire upon it. 

et A very ſtrong heat is requiſite to make platina com- 
pu bine properly with gold. It greatly alters the colour 
an- Wo! that metal, at leaſt if its quantity be not very ſmall ; 
eh er inſtance, a forty-ſeventh part of platina, and all pro- 


portions under that, produce but little alteration on the 
olour of gold. Platina ſcarce diminiſhes the ductility 
dt gold; it is even one of thoſe metals which have the 
eat influence on gold this way. The gravity of pla- 
ina being greater than that of gold, might be an en- 
duragement to fraud; and the Spaniſh miniſtry have 
derefore prohibited the exportation of the metal. How- 
er, fince chemical methods of diſtinguiſhing when gold 
 alloyed with platina have been diſcovered, theſe fears 
We now yain ; and it is much to be wiſhed, that pla- 
M 2 | tina 
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tina were permitted to be an article of commerce, thy 
ſo we might obtain the uſe of a new metal, which pr, 
miſes to be ſo ſerviceable. 

The ſolution of ammoniacal mitate poſſeſſes, a; y; 
have obſerved, the property of precipitating platin; 
When, therefore, gold is ſuſpected to be alloyed wig 
platina, a ſolution of it in aqua-regia may be aflaye 
with a ſolution of ammoniacal muriate. If it contain 
any platina, however little, an orange or reddiſh prec, 
pitate will be produced: if there is no precipitate p 
duced, this circumſtance is a proof that the gold contain 
no platina. If the valuable properties of platina ſhoul 
one day render it more ſcarce and more eſteemed tha 
gold, neither will we then be in danger of having 
loys of gold with platina impoſed upon us for pure plþ 
tina; for a ſolution of ſulphate of iron, which poſſe 
the property of precipitating a ſolution of gold wichen 
affecting platina, might be uſed as a reſt to prevent ſud 
impoſition. A plate of tin immerſed into a ſolutions 
platina, alloyed with gold, would likewiſe detect the fts 
ſence of the latter metal, by becoming coated wih 


plati 
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purple precipitate ; whereas platina by itſelf give 
only a dirty brown colour, inclining to red. Belide 


>civitate of platina does not colour glaſs ; where 
the precipita 8 glaſs; E 


Irudion 
All thoſe properties . of platina which we have mirror 


mined prove it to be a peculiar metal. Its poſſeſſing iro: » 
ſa low a degree the properties of ductility and fuſibiꝶi dee 
which has been conſidered by ſome perſons as a ſirai le mi 
objection againſt this opinion, is not ſufficient to julll 
the refuſing it that character which we have aſcribed 
it: for perhaps the difference between the fuſibilitys 
Plan 


the precipitate of gold gives it a purple colour. 
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platina and that of forged iron, is not ſo conſiderable 
i; the difference between the fuſibility of forged iron 
and that of lead: and its inductility may be conſidered 


ed. With reſpect to the opinion of thoſe philoſophers 
«ho think platina a natural alloy of gold with iron, 
however ingenious and ſatisfactory it may appear, it 
cannot be admitted till ſuch time as platina ſhall be 
ſeparated by an exact analyſis into theſe two metals, and 
jill it be better imitated than at preſent by an artificial 
mixture of gold with iron. Laſtly, Macquer has urged 
a very ſtrong objection againſt this laſt opinion, by ob- 


ſerring, that the more thoroughly platina is purified 
om iron, the more remote does it appear in its ex- 
p erior characteriſtics and properties from the nature of 


gold. 

It may be eaſily conceived with what advantages the 
ſe of this precious metal in commerce would be at- 
ended, as it poſſeſſes, with the durability of gold, nearly 
he hardneſs of iron, and is proof againſt the action of 
he molt violent fire, and the moſt concentrated acids. 
t would, doubtleſs, be of the higheſt utility both to che- 
try and to the arts. 


The denſity and opacity of platina render it valuable for the con- 
ſudtion of optical inſtruments. The Abbé Rochon has conſtructed 
mirror of this metal, the effe& of which greatly ſurpaſſes that of the 
pirrors made of ſteel and other metals. Like other metallic mirrors, 
| reflct3 but a ſingle image; but is at the ſame time as unchangeable 
the mirrors of glaſs, H. ; 
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1s owing to its having never yet been completely melt- 
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Genus VI. Bitumen: in general v. 


»1TUMENS are combuſtible matters, either ſolid, ſd 
or fluid, of a ſtrong, acrid, aromatic ſmell, al 
apparently of a much more compound nature than ay 
of the bodies belonging to the mineral kingdom whid 
we have yet examined. They are found either in ſtr 
in the bowels of the earth, or dropping from rocks, 
ſwimming on the ſurface of waters. They genen! 
burn with a rapid flame when heated in contact wid 
air, like thoſe matters formed by the organs of animi 
and vegetables, which are called oils. They do not a 
mit of being ſo exactly analyſed as earthy, faline, « 
metallic matters; for the action of fire alters them iti 
ſingular manner, extracting from them principles, wh 


as they are volatilized, re- act on each other. In thin 
ſer 


The reader may here recollect, that we divided combuſtible nix 
matters into five genera z diamond, hydrogenous gas, ſulphur, wen 
and bitumens. F 
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pect, there is an analogy between bitumens and vege- 
table and animal ſubſtances. They afford, by diſtilla- 
ton, an odorate water phlegm, more or leſs coloured 
and ſaline; an acid generally eoncrete ; ſometimes am- 

$ moniac ; and oils, which, though at firſt light, become 
more and more thick and coloured, as the diſtillation 
is continued, and the ſtrength of the fire increaſed. 
After this analyſis, there remains a coal of 2 greater or. 
z leſs bulk, denſe, light, porous, brilliant, or compact, 
according to the particular nature of the bitumen. This 
analyſis is a proof that theſe inflammable bodies have 
originated from animal or vegetable matters; as we 
ſhall relate more at large when we give the hiſtory of 
their properties. 

Bitumens ſuffer ſome alterations from light; when 
fluid, theit colour is rendered deeper, and their ſmell 
modified in tranſparent veſſels. The air renders them 
thicker by a gradual evaporation of the moiſture which 
they contain; and the drier the atmoſphere, ſo much the 
ſpeedier is this evaporation. Their odorous principle, 
or ſpiritus rector, is at the ſame time gradually diffipa- 
ted; and from fluid they become by. degrees tenacious 
and ſolid. But this latter alteration requires à long 
ſeries of years. 

When bitumens are boiled in water, the water does 
not diſſolve them, but extraQs their ſpiritus rector, and 
afterwards exhales that odour which is peculiar to them. 

lt would therefore appear, that water has a greater affi- 
nity with their odorous principle than the oily matter of 
the bitumen ; and perhaps theſe bodies might thus be 
entirely deprived of ſmell. 

No experiments bave been made to determine in 
M 4. what 
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=» 
what manner the ſalino-terrene ſubſtances act upon bi. 
tumens. Both lime and pure alkalis, however, appexr 
capable of combining with theſe combuſtible matter, 
and forming with them compounds ſoluble in water, 
which are called ſoaps. | 
We know not in what manner the mineral acid; 
are capable of acting on bitumens. Probably they 
would either diſſolve or burn them like oils, according 
to the ſtate of concentration in which they happened ty 
be. 
Neither has the action of neutral ſalts, -bydroge. 
nous gas, ſulphur, or metals, on bitumens, been em. 
mined; and the chemical properties of theſe bodies 
are in general but very little known. This is an un- 
beaten path; and very uſeful diſcoveries 3 here be 
made. 

Naturaliſts have been at much more pains in ſtudying 
the origin and formation of bitumens, than chemiſts in 
analyſing them. Several different opinions have bee 
entertained on this head. Some have thought con-. 
buſtible bodies to belong properly to the mineral king. 
dom, and to hold in it the ſame rank which oils and 
reſins hold among organic matters. But this fanciel 
analogy, however plauſible, does not agree with fads; 
for we know of no ſubſtance in the mineral kingdom 
of an oily nature. And that opinion which aſcribes the 
origin of bitumens to vegetable matters' buried unde 
ground, and altered by the action of mineral acids, Iu 
been much more generally received than the forme! 
Every: fact, indeed, concerning bitumens, concurs 10 
prove, that they have been produced from orgaui 


matters. Near them are found a great many matter 
til 
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{ill retaining an organical form. Beſides, their che- 
mical properties are thoſe of ſubſtances formed by the 
action of vital powers; and they have been imitated to a 
certain degree by the combination of oils with concentra- 
ted ſulphuric acid. In the chemical hiſtory of vegetable 
matters, we ſhall ſee, that this acid brought into contact 
with eſſential oils, renders them hard and black, and 
communicates to them a ſtrong pungent ſmell like that 
of bitumens. But are theſe bodies formed ſolely from 
vegetables buried under ground, as has been aſſerted by 
moſt naturaliſts? Do animal matters, in the ſame ſitua- 
tion, never contribute to the formation of bitumens ? 
One objection which may be urged againſt the opinion 
that repreſents bitumens as originating ſolely from par- 
ticular vegetable bodies, is the great diſproportion be- 
tween the maſſes of bitumen found in the earth, and the 
wood or trees found near them, and ſtill more the tri- 
ling quantity of oily matters contained in thoſe vege- 
table ſubſtances. And farther, the abundance of theſe 
combuſtible bodies, in places where ſcarce any remains 
of vegetable matters appear, but the exuviz of animals 
are found in heaps above the bitumens, leads us to think, 
that theſe latter organic beings have contributed greatly, 
perhaps more than vegetables, to the formation of cer- 
tain bituminous ſubſtances. We may likewiſe obſerve, 
that the ſucceſſive ſtrata, in which ſome continuous 
maſles of bitumen are found arranged in the interior 
parts of the globe, indicate thoſe maſles to have been 
depoſited lowly, and by water; and that the date of 
their formation correſponds to the period in which ſuch 
immenſe maſſes of ſhells, and other marine bodies, have 
been formed by the ſea, They have therefore been in 
a 
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a fluid ſlate, and have become hard in the courſe of time; 
in conſequence of being expoſed to the action of ſaline qi 
other ſubſtances, abounding in the interior parts of the 
earth. Such is the opinion which M. Parmentier, Men. 
ber of the College of Pharmacy, has embraced contem. 
ing the origin of mineral coal, in a Memoir which be 
read before that Society at the opening of their courls 
of lectures. The oils and fats of marine animals ay. 
pear therefore to be part of the materials which Natur 
employs in the formation of certain bitumens : and there 
are others again, the origin of which is evidently fron 
vegetables, and which have been produced from reſin 
or eſſential oils, buried and altered in the earth. 

The number of bitumens is very conſiderable. N.. 
turaliſts have arranged them under various genera. Con- 
ſidered chemically, they merit rather to be conſidered 
as ſo many ſpecies ; for the ſame chemical charade 
riſtics are common to them all. Some of them are li 
quid; others of a ſoft conſiſtency : there are others {v 
lid, and among theſe ſome ſo hard as to be ſuſceptible 
of poliſh : others friable. We know of five ſpecies, con- 
ſiderably diſtint from one another. Thele are amber, 
the aſphaltes or bitumen of Judza, jet, pit-coal, and 
petroleum; and we are to give their hiſtory. Amber. 
gris we do not conſider as a bitumen but, as an animi 
product. 


CHAP. XIV. 


Species I. Of Amber, and its Aid. 


"PHIS ſubſtance is, in external appearance, one of the 
moſt beautiful of bituminous matters : it exiſts in 
irregular fragments of a yellow or brown colour, either 
tranſparent or opaque, and compoſed of layers or ſcales. 
t takes a very fine poliſh. After being rubbed for ſome 
time, it becomes electric, and attracts ſtraws. The an- 
cients, who knew amber to poſſeſs this property, gave 
it the name of electrum, and hence the word electricity. 
The conſiſtency of this bitumen is pretty hard, nearly 
equal to that of certain ſtones; which has induced ſe- 
reral authors, particularly Hartman, a naturaliſt who li- 
ved about the end of the laſt century, to rank it among 
precious ſtones, It is, however, brittle and friable.— 
When pulverized, it diffuſes an agreeable enough ſmell. 
It is often found to contain inſects in a good ſtate of 
preſervation ; a circumſtance which proves that it has 
been in a liquid ſtate, and in that ſtate has incloſed theſe 
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bodies. It is uſually buried under ground, at various 
depths ; it is found under coloured ſand, in ſmall inco. 
herent maſſes, on beds of pyritous earth: above it, i; 
found wood containing a blackiſh . bituminous matter, 
From theſe circumſtances, it is thought to be formed 
from a reſinous ſubſtance, altered by the ſulphuric acid 
of the pyrites. It alſo floats on ſea- coaſts. It is ga. 
thered on the ſhores of the Baltic in Ducal Pruſſia. 
The hills of Provence, near the town of Siſteron, the 
marquiſate of Ancona, and the duchy of Spoletto in lt. 
ly ; Sicily, Poland, Sweden, and various other countries, 
likewiſe afford this ſubſtance. This bituminous ſub. 
ſtance is diſtinguiſhed into a good many varieties, by 
its colour, contexture, tranſparency, or opacity. Wal. 
lerius reduces them to the following 


Varieties, 

1. White tranſparent amber. 

2. Pale yellow tranſparent amber. 

3. Citron yellow tranſparent amber. 

4. Tranſparent amber of a golden yellow co. 
lour. Chryſo-electrum of the ancients. 

5. Dark red tranſparent amber. 

6. White opaque amber. TLucelectrum. 

7. Yellow opaque amber. 

8. Brown opaque amber. 

9. Amber coloured green or blue by extra: 
neous matters. 

10. Veined. 


* 


Were we to take notice of all the accidental appear- 
ances which are obſerved in the interior parts of pieces 0l 
amber, we might extend theſe varieties to a much more 

conſiderabie 
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conſiderable number. But, in regard to the price do- 
anded for pieces of amber, on account of their ſize, 


co. 
1 cheir tranſparency, and their containing inſects in a fine 
ter. {ate of preſervation, it is proper to warn people that 
ned they may not be impoſed upon ; as many perſons know 
cid how to render it tranſparent, or colour it at pleaſure, 
82. as well as to ſoften it to a degree, that extraneous bo- 
a, dies may. be introduced into it. Wallerius informs us, 
the that gold-· coloured amber always owes its tranſparency 
Ita. to nature; and that amber made tranſparent by art is 
es, always of a pale colour. | 
ub. Although it be highly probable, that this bitumen ori- 
by ginates from refinous vegetable matters; yet ſeveral na- 
al. turaliſts have entertained different opinions concern— 
ing its formation, Some have thought it to be urine of 
certain quadrupeds, congealed and hardened ; others 
have imagined it a juice of the earth, extracted and car- 
ried off by the ſea, which being driven by the waters 
on the ſhore, is there dried and hardened by the rays 
8 ol the ſun, This claſs of naturaliſts call it a peculiar mi- 


ncral juice. Such was the opinion of an ancient natu- 
raliſt of the name of Philemon, quoted by Pliny. It 
has been in modern times revived by George Agricola. 
Frederick Hoffman thought it to conſiſt of a light oil, ſe- ] 
parated by heat from bituminous wood, and thickened 

with the acid of vitriol. This opinion of Hoffman's, 

owever, cannot be admitted: it is not eaſy to imagine 4 
low an oil ſeparated in the bowels of the earth could Mi 
1appen to contain animals-that are known to live only 
vn the ſurface. Till of late, amber was thought to be 
arelinous juice, which dropped at firſt in a fluid ſtate 
lrom certain trees: this juice, it was thought, having 
been, 
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been, by ſome convulſion of the earth, buried under 
ground, had been there hardened, and impregnated with 
ſaline mineral vapours. But thete is no appearance 
its having been altered by concentrated acids ; for ex. 
perience ſhows, that ſuch acids would have blackened i 
and reduced it to a carbonaceous ſtate. Pliny though 
amber to be nothing but the reſin of the pine-tree con. 
denſed by cold. M. Girtanner thinks it to be a vege. 
table oil concreted by the acid of the ants. The fornic 
rufa of Linnæus is, according to this author, the ſpecie; 
which prepares it. Theſe inſects inhabit old foreſts cf 
fir-trees, where there is foſſile amber found, which | 
ductile, like liquid wax, but becomes dry in the air. 
A conſiderable degree of heat is neceſſary to liquify 
amber : it becomes ſoft, and ſwells a good deal. When 
heated in contact with air, it takes fire, and diſſuſes 
very thick and ſtrong-ſmelling ſmoke. Its flame is 
yellowiſh, variegated with green and blue. After it 
combuſtion there remains a ſparkling black coal, which 
affords, by incineration, a very ſmall quantity of brown 
earth. Bourdelin, in his Memoir on Amber ( Acadeny, 
1742), relates, that he obtained only-eighteen grains of 
this earth from two pounds of amber burnt in a roaſting 
pot. Half a pound of the ſame bitumen, burnt and 
calcined in a crucible, afforded, in a ſecond operation, 
twelve grains of earthy reſidue ; from which, by means 
of the magnet, he extracted iron. 
Amber diſtilled in a retort, by a fire gradually ap- 
_ plied, gives at firſt a phlegm which takes a red colour, 
and is plainly of an acid nature. This acid ſpirit re 
tains a ſtrong ſmell of amber; there paſſes next a vols 
tile acid ſalt, which cryſlallizes in the neck of the reton 
| g un 
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into ſmall white or yellowiſh needles ; next after this ſalt, 
there comes a white light oil of a very lively ſmell. This oil 


gradually takes a colour as the fire becomes ſtronger, and 


at length becomes brown, blackiſh, thick, and viſcid, like 


empyreumatic oils. While theſe two oils are paſſing, there 


is a certain quantity of volatile ſalt ſublimated, which be- 
@ comes gradually more and more coloured. After the ope- 
ration, there remains in the retort a black maſs fixed onits 
bottom, brittle, and fimilar to the bitumen of Judza. 
George Agricola made this obſervation three centuries a- 
go, on the reſidue of diſtilled amber, When the operation 
is conducted with a moderate fire, judicionſly applied, and 
the quantity of the amber not inconſiderable, theſe pro- 
duQs may be obtained ſeporately by changing the recei- 
yer. They are commonly received all in one receiver, 
and afterwards reCtified by a moderate heat. The acid 
loſes its colour in part by this reQification. The oil, 
the reaſon of which becoming black towards the end of 
the operation, is becauſe it carries with it a portion of 
carbonaceous matter, and becauſe the acid re- acts on its 
principles, —-may be rendered very white and very light 
by repeated diſtillation. Rouelle, the elder, has given a 
very good proceſs for obtaining it in this ſtate by one 
operation. Put the oil with water into a glaſs alembic, 
and diſtil it by the heat of boiling water; the pureſt por. 
tion, being the only part of the oil volatile at ſuch a de- 
gree of heat, on account of its levity, paſſes with the 
water, and is collected above it. To preſerve it in this 
ſtate, it muſt be put up in ſtone-veſlels; for in glaſs- 
rellels, the rays of light which paſs through that matter, 
a it, in a certain time, a yellow, or even a brown co- 
our, | 

This 


nature of this ſalt to be acid. Their diſcovery has bea 
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This analyſis proves amber to conſiſt of a great quan, 
tity of oil rendered concrete by an acid. It contain 
likewiſe a very ſmall quantity of earth, the nature 9 
which has not been yet examined, and a few partic 
of iron. "13:36 

The oil of amber appears to be much of the ſame nz 
ture with eſſential oils. It is equally volatile, and hy 
the ſame ſmell. It is very inflammable; and 'appean 
to be fit for forming ſoaps with alkalis. 

The volatile ſalt of amber was for ſome time conſider. 
ed as an alkaline ſalt. Glaſer, Le Fevre, Charas, and 
John-Maurice Hoffman, profeſſor at Altdorf, were d 
this opinion. Barchuſen, and Bouldoc the father, bath 
in the laſt century, were the ſirſt who aſcertained the 


unanimouſly received by ſucceeding chemiſts; who hate 
not agreed, however, concerning the particular natur 
of that acid. Frederick Hoffman, becauſe amber i 
found in Pruſſia under ſtrata of matters among which 
pyrites are copiouſly intermixed, has inferred its ſalt to 
be viiriolic acid. Neumana appears to be of the ſame 
opinion. Bourdelin, in the Memoir above quoted, . 
lates ſeveral experiments, by which he ſought to aſcer 
tain the nature of this ſalt. He firſt obſerves, that the 
falt of amber, extracted by diſtillation, however white 
and pure it may appear, always contains an oily matter; 
to this oily ſubſtance, no doubt, it owes its ſmell, and 
that kind of combullibility which it conſtantly exhibit 
when caſt on burning coals. He attempted by variow 
means to ſeparate that ſubllance. We ſhall have occt 
ſon to ſce, when we come to examine the nature and 


properties of alkohol, that # could not ſerve his purpols 
Is 
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He ſuceeeded no better by digeſting fixed alkali over 


un. 
am amber, with a view to ſeparate from it this oily matter; 
of the alkali only diffolved a little of the bitumen, and 


acquired a faltiſh lixivial taſte, like that of ſea · ſalt. 
Laſtly, the beſt means which Bourdelin could find for 
combining the acid of amber entirely purified from oily 
matters with fixed alkali, was to detonize a mixture, 
conſiſting of two parts of nitre, with one of the bitu- 
men. The reſidue, after this detonation, he lixiviated 
with diſtilled water. The lixivium was of an amber 
colour: it produced, in the ſolution of ſilver, a white 
curdled precipitate ; in the ſolution of mercury, a pre- 
cipitate of the ſame colour. It decompoſed, in like 
manner, ſeveral other metallic ſolutions ; but Bourde- 
lin conſidered only thefe two precipitations as conclu- 
fre facts. He underſtood them as indicating the acid 
of amber to be the ſame with that of marine falt ; for 
eſe phænomena are preciſely the ſame with thoſe which 
he acid of marine ſalt produces in the nitric ſolutions 
ff mercury and filver. The lixivium of the reſidue 
hich remained after the detonation of amber with nitre, 
deing evaporated in the air, afforded a mucilaginous 
matter, in the middle of which oblong ſquare, cryſtals 
rere by degrees depoſited ; which, by their form, their 
ili taſte, their decrepitation on burning coals, and 
Ll more their efferveſcence, which was conſiderable, 
nd the ſmell of muriatic acid which exhaled from 
bem, when concentrated ſulphuric acid was poured 
pon them, indicated, in his opinion, that they conſiſted 
I muriatic acid, with a baſe of nitre. Notwithſtand- 
ng this analyſis, which, conſidering the time when 
pourdelin made his experiments, is very accurate, the 
Yor. III. N chemills 
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chemiſts who have ſince examined the ſalt of anyy 
have not found it to bear any reſemblance to the ny, 
riatic acid. Bergman, who ſeems to have adopted thi 
opinion, gives the following account of the propertiz 
and the elective affinities of this ſalt. The ſuccinic a 
or acid of amber, extracted by diſtillation, and purify 
by repeated ſolutions and cryſtallizations, forms, ig 
potaſh and ammoniac, cryſtallizable and deliqueſcey 
neutral ſalts. With ſoda, it affords a ſalt which dog 
not attract the moiſture of the atmoſphere : with bart 
and lime, it forms ſalts that are ſcarce ſoluble: wg 
magneſia, a thick gum-like matter. It diſſolves met 
lic 6xides ; and the ſuccinates produced by theſe ſi 
tions are moſtly cryſtallizable and permanent. 
Barytes, lime, and magneſia, according to him, þ 
parate the acid of amber from alkalis. Barytes deco 
poſes ſuccinates of lime and magneſia; and lime. un 


precipitates magneſia from its combination with t 

acid. | 
The chemical properties of this bitumen have been 

farther examined. We know not even how the aa 


would act upon it. Frederick Hoffman affirms, that 
may be entirely diſſolved in a lixiyium of cauſtic alk 
and in ſulphuric acid. We know, too, that the eſeat 
oil of amber combines with cauſtic ammoniac, and fo 

with it, ſimply by mixture and ſhaking, a ſort of l 
ſoap, of a milk-white colour, and of a very puny 
ſmell, known in pharmacy by the name of Eau de lit 
and laſtly, this ſame oil is known to diffolye ſulphur 
the heat of a ſand-bath, thus compoſing a medic 

called ſuccinated balſam of ſulphur. 

Amber is uſed in medicine as an antiſpaſmod: 
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mh} bas been recommended for hyſteric and hypochondriac 
e my. caſes, a ſuppreſſion of the menſes, gonorrhœa, fluor 
d thi bus, &c. It is made uſe of after being waſhed with 

warm water, and levigated to a fine powder. It is 


uled in fortifying and reſolvent fumigations, by throwing 


urifel ne powder on a hot brick, and directing the ſmoke to 
, with he place upon which you with it to act. The volatile 
eſcen pirit and the ſalt of amber are conſidered as inciſive, 
1 dos ordial, and antiſeptic ; they are alſo adminiſtered as 


owerful diuretics. Oil of amber is applied both ex- 
ernally and internally for the ſame purpoſes as amber 
ſelf : it is adminiſtered in ſmaller dozes, on account of 
acting with more energy. The ſuccinated balſam of 
ulphur is given in dozes of a few drops in certain drinks, 
r mixed with other ſubſtances in pills, and is ſucceſs- 
ul in pituitous affections, or defluxions of the breaſt and 
dneys, &c. A ſyrup, called /yrup of amber, is made 
jp of ſpirit of amber and opium, and is ſucceſsfully 
ſed as a calming, an anodyne, and an antiſpaſmodic 
nedicine. Eau de luce is prepared by pouring a few 
rops of oil of amber into a phial full of cauſtic ammo- 
ac, and ſhaking the mixture till it take a milk-white 
olour. It has been long uſed in fainting-fits as a 
owerful ſtimulant : it is put to the noſtrils, and it then 
mulates the nerves ; and, by the ſneezing which it 
cites, the fluids are again put into motion, and the 
tient reſtored. 
The moſt beautiful pieces of amber are cut and po- 
ſhed into veſſels, heads of canes, necklaces, bracelets, 
uff. boxes, &c. But this ſpecies of toys is no longer 
wed among us, fince diamonds and cut ſtones have 
N 2 been 
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been known and brought into uſe. They are ſent, hoy 
ever, to Perſia and China, and to other foreign coy, 
tries, where they are ſtill valued as the greateſt cura 
iti Wallerius ſays, that the moſt tranſparent yiew 
may be uſed for microſcopes, burning-glaſles, priſn, 
&c. It is affirmed, that the late King of Pruſſa yy 
poſſeſſed of an amber burning-glaſs a foot in diamete; 
and that in the cabinet of the Duke of Tuſcay 
there is a column of amber ten feet high, and cf: 
molt beautiful luſtre. Two pieces of this bitumingy 
ſubſtance may be joined together, by dipping them int 
a ſolution of potaſh, heating them, and applying them y 
each other. 
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Species II. Of Aſphaltus. 
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A SPHALTUS, or bitumen of Judea, called alſo fune- 
ral gum, amber of Sodom, mountain-pitch, balm of 
#nmics, &c. is a black bituminous ſubſtance, ponder- 
us, ſolid, and conſiderably brilliant. It breaks eaſily, 
nd its fracture is vitreous, A thin plate of this bitu- 
nen appears red between the eye and the light. Aſphal- 
„ when cold, has no ſmell ; when rubbed, it emits a 
aint ſmell. It is found on the waters of the lake Aſphal- 
Ites, or the Dead Sea, in Judea, near which ſtood the 
cient cities of Sodom and Gomorrha. The inhabit- 
ts of the adjacent country, finding the ſmell of the 
tumen, which gathers on the waters of that lake, 
oubleſome, and the bitumen itſelf a profitable article 
commerce, collect and expoſe it to ſale. Lemery, 
d his Dictionary of Drugs, ſays, that aſphaltus ſweats 
ke liquid pitch out of the earth covered by the Dead 
a; and riſing above the waters, is there condenſed by 
le heat of the ſun, and the action of a ſalt which 


dounds in thoſe waters. It is alſo found on many lakes 
China, 
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The aſphaltus of commerce, M. Valmont de Bom: 
tells us, is obtained from the mines of Daunemore, aud 
eſpecially in the principality of Neufchatel and Wa 
lengin. According to that naturaliſt, it is of two c. 
lours, either blackiſh or greyiſh. But ſuch aſphaltys j 
far from being pure; it ſeems to be only earth hardy. 
ed, and intermixed with bitumen which has penetrate 
through it. | | 

Naturaliſts are divided concerning the origin of i 
phaltus, as well as- concerning the, other bitumen, 
Some think it a mineral product, formed of an ad 
united in the interior parts of the earth, with ſome fi 
matter. Others think it a reſinous vegetable matte, 
that has been buried under ground, and altered by ni 
neral acids. The moſt general and probable opinion i, 
that it has been produced in the ſame way as ambe, 
and is actually nothing but amber altered by the aft 
of ſubterraneous fire. The ground of this opinion is 
that amber, when melted and deprived of a part of i 
oil, becomes black, dry, brittle, and in all reſpects li 
aſphaltus. But it can be finally eſtabliſhed only by! 
comparative analyſis of this reſidue of amber and aſpli 
tus. Aſphaltus has not yet been examined with ſuc 
exactneſs as will allow us to preſume on the analog 
between them. | 

Aſphaltus, when expoſed to fire, becomes liquid 
ſwells, and burns with a thick flame and ſmoke; it 
ſmell of which is ſtrong, acrid, and diſagreeable. I 
diſtillation, it affords a coloured oil, like brown pets 
leum, and an acid phlegm. 

Aſphaltus is uſed by the Arabians and Indians in i 

| ſas 
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fame way as pitch for coating their veſſels. It enters 
into the compoſition of the black varniſhes which we 
get from China, and of thoſe artificial fires which burn 
on water. The Egyptians 0 it in embalming dead 
bodies; but it was employed for that purpoſe only by 
the poor, who could not afford to purchaſe dearer anti- 
ſeptic matters. Wallerius aſſerts, that the merchants 
prepare a ſort of aſphaltus of thick pitch, or by mixing 
and melting pitch with aſphaltus from Judea. But the 
fraud may be detected by means of alcohol, which ens 
tirely diſſolves pitch, but produces no change on aſ- 
phaltus, only taking itſelf from it a pale yellow co- 


lour. 
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ET, in Latin gagas, called by Pliny black amber, by 
Strabo, &c. pangetis, is a black bituminous ſub. 
ſtance, compact, hard like ſome ſtones, brilliant and 
vitreous in its fracture, and ſuſceptible of a fine po. 
Iſh. After being rubbed for ſome time, it attra& 
light bodies, and, like amber, appears to be elec. 
tric. It has no ſmell: when heated, it acquires 1 
ſmell nearly the ſame with that of the bitumen d. 
Judea. 

Jet is found in France, in Provence, and in the 
county of Foix. There is alſo a quarry of it whid 
is wrought at Beleſtat in the Pyrenees. It is found 
too in Sweden, in Germany, and in Ireland. Ti 
quarries of jet are in ſtrata; they likewiſe contan 
pyrites and pit-coal, and moſt of the other bitumens. 

This bitumen, when expoſed to a ſtrong heat, be 
comes ſoft and melts ; it burns with a fœtid odour. If 
diſtillation, it affords oil and an acid liquor. 

* 0 


£0: 


Of Jet. - 


Of the ſeveral opinions which have been advanced 
concerning the formation of jet, the moſt probable is 
that which repreſents it as aſphaltus condenſed and har- 
dened by length of time. It has been adopted by the 
learned Wallerius. 

Jet is uſed for mourning toys. At Wirtemberg it is 
wrought into bracelets, buttons, boxes, &c. 
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HE name of ſaſſil. coal, pit-coal, ftone-coal, lithgy Ws 

trax, &c. is given to a black bituminous matter, . 

foliated, either gliſtering or dull, brittle, and inferior 1 

in conſiſtency and purity to the bitumens which we har | 

been deſcribing. 8 

This bitumen derives its name from its combuſti = 

bility, and the uſe to which it is in many countries ap- ma 

plied. It is found in the interior parts of the earth, 7 

under ſtones of various degrees of hardneſs, and under a2 

aluminous and pyritous ſchiſti. Theſe ſchiſti always : 

bear impreſſions of vegetables belonging to the fem. 77 

tribe, which have been obſerved by Bernard de qu . © 

ſieu to be molily exotics. Pit- coal is ſometimes neare 1 in 
to, ſometimes more remote from, the ſurface of tit 

earth. Its diſpoſition is always in horizontal or incl: x 

ned layers; ofteneſt in inclined. The beds or ſtrat 1. 7 

which it compoſes differ from each other in confiſten- 5 


cy, colour, gravity, &c. Over this bitumen, ſtrat 
1 of 
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of foffil-ſhells and madrepores, varying in extent, are 
often obſerved; a circumſtance which has led ſome mo- 
derns, particularly M. Parmentier, to think that it has 
deen formed in the ſea by the depoſition and alteration 
of the oily or fat matters of marine animals. Moſt na- 
turaliſts think it the reſidue of wood depoſited in the 
ground, and altered by acids. 

Quarries of foſlil-coal are wrought like mines of me- 
tal by digging into them pits and galleries, and hewing 
down the coal with a ſort of pick-axes. The colliers 
are often in danger of loſing their lives by the elaſtic 
fluids diſengaged. This mephitis, which they call choak 
demo, puts out their lights, and ſeems to be carbonic 
acid gas. There likewiſe'gathers in theſe mines a kind of 
inflammable gas, the effects of which are very noxious, 
and which ſometimes produces: very dangerous explo- 
ſions. | 
Foſlil-coal is very plentiful in nature. It is found in 
England, Scotland, Ireland, Hainault, the territory of 
Liege, Sweden, Bohemia, Saxony, &c. Several pro- 
vinces of France aftord great quantities, particularly 
Burgundy, the diſtrict of Lyons, Forez, Auvergne, Nor- 
mandy, &c. 

Foſſil- coal is diſtinguiſhed by its hardneſs, or friability 
into ſtone-coal or earth-coal. Ihe manner of its burn- 
ing, and the phænomena which it exhibits during com- 
buſtion, afford the beſt characteriſtics for diſtinguiſhing 


it into different ſpecies. Wallerius arranges foſſil-coals, 


conſidered in this point of view, under three ſpecies. 1. 
Ide ſcaly coal, which remains black after combuſtion. 
2. The compact foliated coal, which affords, after being 
burnt, a ſpongy matter like ſcoriæ. 3. Fibrous pit- 
coal, 
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coal, reſembling wood, which is reduced to aſhes h) 


combuſtion. | 

This bitumen, when heated in contact with a burn. 
ing body and air, takes fire; the more ſlowly, and with 
the greater difficulty, the more ponderous and compa} 
it is: when it has once taken fire, it diffuſſes a lively 
laſting heat, and burns long before being conſumed, 
It may be quenched and burnt again, for a number of 
times ſucceſſively. The inflammable matter contained 
in it appears to be very denſe, and in a manner fixed in 
ſome other incombuſtible ſubſtance, which oppoſes it 
combuſtion. It exhales as it burns a peculiar odour; 
which, however, is no way ſulphureous, if the coal be 
very pure, and contain no pyritous matter. The com. 
buſtion of this bitumen ſeems very analogous to that of 
organic matters, as it may be ſtopped and afterward 
renewed. The moſt volatile part of the oily combul- 
tible matter contained in pit-coal is indeed burnt and 
diſſipated when it is firſt expoſed to the action of heat; 
and if, after the whole of that principle is diſſipated, the 
combuſtion be ſtopped, the bitumen retains only the 
moſt fixed and the leaſt inflammable part of its oil, in 
a truly carbonaceous ſtate, and combined with an earthy 
baſe. It is by a proceſs of this nature that the Engliſh 
prepare their coaks, which are nothing but pit-coals de- 
prived by the action of fire of the fluid part of their 
oil. | 

We may eaſily obſerve what happens in this opera- 
tion, by heating this bitumen in cloſe veſſels, and in 3 
diſtillatory apparatus. It affords in this way an alkaline 
phlegm, concrete ammoniacal carbonate, and an oil 
which, as the diſtillation proceeds, takes a deeper colour, 
and 
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and becomes more ponderous. There paſſes at the ſame 
time a large quantity of an elaſtic inflammable fluid, 
which is commonly thought to be oil in vapours, but 
is properly hydrogenous gas, mixed- with azotic gas, 
with carbonaceous matter diſſolved in it, and with car- 
bonic acid gas. There remains in the retort a ſcorified 
carbonaceous matter, which is ſtill ſuſceptible of com- 
buſtion, and is the ſame with the Engliſh cat. Obſer- 
ring carefully the action of fire on pure pit-coal, we 
perceive the coal to-be firſt ſoftened, and in a manner 
half melted. Some ſpecies of pit-coal do not experience 
this fuſion, or rather ſoftening, from the action of calorir. 
Theſe ſpecies would ſeem to contain leſs oil than thoſe 
which ſoften in the fire : but the laſt are the moſt fre- 
quent, and the beſt. The diſtinction of the pit-coal into 
different kinds, is far from being ſo exact as it will be 
made hereafter. M. Faujas has thrown ſome new light 
on this ſubje&, in a Diſſertation, publiſhed by him a 
ſew months ſince, on pit- coal. But as this property 
might render it unſuitable for the melting of ores, it 
mult be deprived of it before it be applied to that pur- 
poſe. After taking from it the principle which renders 
it liable to ſoften, that is, the oil which it contains in 
great abundance, and thus reducing it to a ſtate nearly 
the ſame with that of vegetable coal, it then becomes 
ſuitable for the fuſion of ores. Let us not forget to 
obſerve, that the ammonaic which pit-coal affords in 
ſuch conſiderable quantity, affords an argument in favour 
of that opinion which repreſents this bitumen as produ- 
ced from animal matters ; for, as we ſhall hereafter ſee, 
bodies belonging to the animal kingdom always afford 
this ſalt when diſtilled. This analyſis is performed in the 


J great 
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great way in various places in England; and the ſeyeralpr,, 
ducts are collected in a peculiar diſtillatory apparatus. Th, 
oil is uſed for pitch; the ammoniac is uſed in the compoſi 
tion of ammoniacal muriate; and the reſidue is a very gocd 
cout. M. Faujas de Saint Fond has imported this uſeful an 
into France; and the trials which he has made in the king', 
garden have ſucceeded very well in the ſmall way: We 
have as yet no eſtabliſhment for carrying it on in the 
great way 4 | 

Pit-coal is highly uſeful in countries deſtitute of wood, 
It is uſed as a combultible matter; and the dangerous 
effects which have been aſcribed to it are quite imaging. 


ry. The ſulphureous vapour which it has been ſaid 


to diffuſe has no exiſtence; for chemiſts have univerſal. 
ly found, by the moſt exact analyſis, that pure mineral 
coal contains not an atom of ſulphur. From this we 
ſee the ignorance and impoſture of ſome people who 
have pretended to give proceſles for purifying coals of 
ſulphur. Another conſideration which ſhould induce u 
to make as much uſe as poſſible of coals in France 1s, 
that ſuch enormous quantities of charcoal are conſumed 
in the working of ores, that our wood is likely to fail 
one day or another; it is eſpecially in works of that kind 
we ſhould try the uſe of pit-coal, as the Engliſh have 
long done. It is already beginning to be uſed in various 
manufactories among us; and in the famous founderies 
of iron at Creuſot, near Montcenis in Burgundy, there 
is a great inſtance of its application to theſe purpoſes, 


highly worthy of imitation, 
Purified 


* The Engliſh reader will here recollect the patriotic exertions of 


the Earl of Dundonald to eſtabliſh works of this kind in Britain. II. 
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Purified pit- coal is nothing but that which has been 
deprived of its oil by the action of fire. This ſort of 
coal burns without ſmoke, without ſoftening, and with- 
out diffuſing any ſtrong ſmell ; in a word, it is a true 
gal; and is, on account of theſe properties, preferred for 
fires in rooms. é 

Another inconvenience, beſide the copious dark 
ſmoke proceeding from it, which attends the burning 
of pit-coal, is, that the copious and rapid ſtream of air 
requiſite to maintain, it in combuſtion, carries before it, 
and volatilizes, a part of the aſhes. But both theſe in- 
conveniences may be in a great meaſure remedied by a 
judicious conſtruction of chimneys ; ſo that the current 
of air, and whatever matters mix with it, may be en- 
tirely carried up, and diſcharged in the air, and no part 
of it returned and diſperſed through the room. 

This combuſtible matter will in France be applied 
with moſt advantage for the ſervice of arts and manu- 
factures of all kinds; in conſequence of which, wood 
may be greatly ſaved for kitchen and room fires, and 
for building, 
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Species V. Of Petroleum. 


The 
duchy 
league 
Exotica 

| many | 
HE name of petroleum, or oil of ſtone, has been g. in mar 
ven to a liquid bitumenous ſubſtance which run; Cabiar 
between ſtones upon beds of rocks, or in various place dvitze 
on the ſurface of the earth. This oil is of various de. veral p 
grees of levity, ſmell, conſiſtency, and inflammabiliy, buildin 
| Authors take notice of a great many varieties of it. The from þ 
| lighteſt, the moſt tranſparent, and the moſt inflammable WW tz, tl 
| petroleum, they have diſtinguiſhed by the name of naph- obtaine 
| tha. Petroleum, properly ſo called, is a liquid bitumen, lengin, 
ſomewhat thick, and of a deep brown colour: miner mont-F 

pitch, again, is a black bitumen, thick, ſcarce liquid, places. 
| tenacious, and adheſive to the fingers: The following With 
| varieties have been deſcribed by Wallerius, and ſerem ed, 
| other naturaliſts. mon or 
| lame ſu 
Varieties, ; the for, 

1. White naphtha, | 

2 bitumer 


2. Red naphtha. 


Vol. 
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Varieties. 

3. Green or dark naphtha. 

4. Petroleum mixed with earth. 

5. Petroleum trickling through ſtones. 

6. Petroleum ſwimming on waters. 

7. Mineral pitch, or maltha, | | 

8. Piſſaſphaltus. It is of a middle conſiſtency, be- 
tween that of common petroleum and that of 


aſphaltus, or bitumen of Judea. 


The ſeveral ſorts of naphtha are found in Italy, in the 
duchy of Modena, and on Mount Chiaro, about twelve 
leagues from Placentia, Kempfer, in his Amænitates 
Extice, relates, that great quantities of it are gathered in 
many places in Perſia, Petroleum runs in Sicily, and 
in many places of Italy; in France, at the village of 
Gabian, in Languedoc; in . Alſace, at Neufchatel in 
Switzerland ; in Scotland, &c. Piſſaſphaltus and mi- 
neral pitch were formerly obtained from Babylon, in the 
building of the walls of which they had been employed ; 
from Raguſa in Greece, and from the pond of Samo- 
lata, the capital of Comagena in Syria. It is at preſent 
obtained from the principality of Neufchatel and Wal- 
lengin, from the Well de la Page, a league from Cler- 
mont-Ferrand in Auvergne, and from various other 
places. 

With regard to theſe ſeveral varieties, it is to be ob- 
ſerred, that they ſeem to be all produced from one com- 
mon origin, and to be but different modifications of the 
lame ſubſtance. Moſt naturaliſts and chemiſts aſcribe 
the formation of petrolea to the decompoſition of ſolid 
bitumens dy the action of ſubterraneous ſires. Naphtha, 

Vor. III. O they 
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they obſerve, appears to be the light oil which is 6:9 
diſengaged by fire: that which follows after it, having 
colour and conſiſtency, forms the ſeveral ſorts of pet, 


it is 

leum : And, laſtly, petrolea, united with earthy (i), amb 
ſtances, or altered by acids, acquire the charateritis part 
of mineral pitch, or piſſaſphaltus. Ihe phanomen d Ti 
the diſtillation of amber favour this opinion: It afford; purp 
actually a ſort of naphtha, and a petroleum too, of; fer te 
higher or a lighter brown colour, according to the d burn 
gree of heat employed, and the length of time ſpent i com 
the operation. Laſtly, They obſerve, that nature of paph! 
affords all the different ſorts of petroleum in the ſan: kind] 
place, from the lighteſt naphtha to mineral pitch. Sud attivi 
are the fluid bitumens from Mount Feſtin, in the ſlicks 
duchy of Modena. Although this opinion be ver WY Cifagr 
probable, yet other authors think petroleum an oj make 
mineral combination, formed by the ſulphuric acid vi alſo a 
ſome fat matters. But even ſuch a combination mul of pil 
ſtill be allowed to originate from organic beings; un uſed f 
matters are always formed by thoſe beings. Lafl 
The chemical properties of petroleum have not jt with f 
been examined. We know only, that naphtha is vn weakn 
volatile, and fo combuſtible, that it takes fire waa it to it 
brought near any burning body ; it even appears by it troleut 
volatility to attract the flame. From brown petrebu comme 
there is obtained an acid phlegm, and an oil wha 8 of cold 


the firſt reſembles naphtha, but acquires a colour as is 
diſtillation proceeds. There remains in the retort 
thick matter like piſſaſphaltus, which by greater 5 
vity of fire may be rendered dry and brittle like aſp 
tus, and entirely reduced to a carbonaceous ſtate. # 


kalis ſcarce act upon petroleum: the ſulpharic acid 
lo! 
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lours and thickens it; the nitric acid kindles it, in the 
Came manner as eſſential oils : it eaſily diſſolves ſulphur ; 
is coloured by metallic oxides z and it combines with 
amber, and with the help of heat loitens and diſſolves a 
part of it. . 

The ſeveral kinds of petroleum are uſed for various 
purpoſes 1 in the countries in Which they abound. Kemp- 
fer tells us, they are uſed in Perſia, to give light, and 


. burnt in lamps with wicks. They may alſo be uſed for 
0 common fires. Lehman ſays, that for this end the 
2 naphtha is poured on a few handfuls of earth, and 
ne kindled with paper; it takes fire; and burns with great 
Q activity, but diffuſes a ſmoke in great abundance, which 


ſticks to all bodies that come in its way, and has a very 
dilagreeable ſmell. Petroleum is likewiſe thought to 
make part of the Greek fire. Thick petroleum makes 
alſo a very ſolid and durable mortar. By the decoction 
of piſſaſphaltus with water, an oil is obtained, which is 
uſed for pitching veſſels. 

Laſtly, Some phyſicians have deſcribed petroleum 
with ſucceſs in diſorders affecting the muſcles; pally, 
weakneſs, &c. by rubbing the ſkin with it, or expoſing 
it to its ſmoke, Vanhelmont thought friction with pe- 
troleum, an excellent cure for frozen limbs, and re- 


commends it as a good preſervative n the effects 
of cold. 
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EGETABLES are organized beings, confined u endicö 
the ſurface of the earth, without ſenſibility a ar 
power of motion. They are known by their appearanc, Toots of 
and the conformation of their parts. They are diltns they for 
guiſhed from minerals, by receiving their nouriſhmen characte 
internally, and elaborating the juices to which f I 
owe their growth. They diſplay to our obſervatut be othe 
phænomena which depend on their organization, 1 us ler 
are called function; the chief of theſe is that of reprods r with 
cing ; themſelves by ſeeds, or ova, like animals. ' wood 
Vegetables differ from one another, 1. In ſize; tif Food pre 
e epide 


are divided into trees, ſhrubs, herbs, moſſes, &c. 2 1 
a lo 


Of the Structure of Vegetables, 213 


ſocal ſituation 3 ſome grow in dry grounds, others thrive 
in 2 moiſt ſoil ; ſome, again, in ſand, clay, water, on 
the ſurfaces of ſtones, or on other vegetables, &c. 3. In 
ſnell, taſte, colour, &c. 4. In duration; plants either 
live for a number of years, or only- for one year, or are 
produced and die twice a-year, &c. 5. In the uſes to 
which they are applicable; they are uſed either as ali- 
ments, or as medicines, A great many of them are made 
iſe of in the arts, for 7 dyeing, &c. others * adoxning 
gardens, &c. 

Vegetables, conſidered with reſpe& to \ the external 
conformation of their parts, conſiſt of ſix parts or or- 
guns, deſtined each to a peculiar function: theſe parts 
are the root, the ſtem, the leaf, the flower, the fruit, 
and the ſeed. Theſe, again, differ in different plants, in 
form, contexture, bulk, number, colour, hardneſs, taſte, 


Ke. | | 
1. The root is concealed in the ground, in water, or 


in the bark of ſome other vegetable. It is either tube- 
tous, or fibrous, or bulbous, Its direction is either per- 
pendicular or horizontal. Both its form and conſiſt- 
ency are ſubject to great varieties. Botaniſts divide the 
roots of plants into many ſpecies; which diſtinctions 
they ſometimes make uſe of to determine the ſpecific 
taraGers of the plants themſelves, 

2. The ſtem proceeds from the root, and ſupports 
be other parts of the plant. It is either ſolid or hol- 
ow, ligneous or herbaceous, round, ſquare, triangular, 
Ir with two very acute angles, &c. The ſtem conſiſts 
! wood and bark. The wood is diſtinguiſhed into 
cod properly ſo called, and ſap: the bark conſiſts of 
de epidermis, the veſicular part or pulp, and the cor- 
O 3 tical 
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tical ſtrata or inner rind. The ſtem divides into branche, 
the ſtructure of which is preciſely the fame with in 
ſtructure. This part, too, is liable to ſuch diverſe 
as enable botaniſts to eſtabliſh upon it the diſtindin 
characters of ſpecies, and ſtill oftener of varieties. 

3. The leaves of vegetables are extremely varioy: 
A. in form; they are oval, round, linear, fagittatel 
haſtate, oblong, elliptical, cuneiform, &c. : B. in ther 
poſition on the ſtem ; they are ſeſſile, petiolate, oppoſite 
alternate, ſtellate, perfoliate, vaginal, &c.: C. in the 
margins; they are uniform, dentate, crenate, ſernitz 
repand, undulated, laciniated, truncated: D. in fimyl 
city or compoſition ; compound leaves are formed hy 
the inſertion of foliolæ, or ſmaller leaves; they an 
then either digitate or conjugate, with either an eva 
or an odd number of leaves: E. in place or ſituation; 
they are radical, cauline, or floral: F. in colour, ſmell 
taſte, conſiſtency, &c. ; they ſeem deſigned to abſath 
elaſtic fluids from the atmoſphere, and to pour othen 
into it, according to circumſtances. 

4. The flowers are thoſe parts which Nature has & 
ſigned to contain the organs of generation, and to pre 
ſerve them from injury till the fecundation be accom 
pliſhed ; at which time they fall off. A flower cs 
fiſts of two parts; the exterior, deſigned to cover al 
protect the interior; the uſe of which is to re- produ: 
the plant. The former comprehends the calix at 
the corolla; the calix is exterior, and of a green 
lour. 

Linnzus divides the calices of plants into ſeven i 
cies ; namely, the perianthium, the ſpartha or ſie 
the huſk, the involucrum, the amentum or catkin, & 

calyp! 


there 
bag, 
in th 
ther 
has « 
and f 
ferio! 
and i 
out 0 
K mo 
ſyſten 
reatin 


Of the Structure of Vegetables. _ 215 


calyptra or veil, and the volva. The corolla is the co- 
loured part, commonly called the flower : it is either a 
ingle piece, and monopetalous ; or conſiſting of ſeveral 
rieces, polypetalous. Tournefort's ſyſtem is founded 
an the corolla. The pieces of the corolla are called 
petals. The organs incloſed, and often entirely con- 
cealed in the corolla, are the ſtamina and piſtils or 
cyles. The ſtamina are the male or fecundating parts; 
nd are almoſt always more numerous than the piſtils. 
They conſiſt of the filament and the anthera. The an- 
thera, placed at the extremity of the filament, is a ſmall 
bag, containing fecundating powder. The piſtil ſtands 
m the middle of the ſtamina; it is ſometimes on ano- 
* ther lower, or even on another plant: this circumſtance 
de bas cauſed ſome plants to be diſtinguiſhed into male 
on; 2nd female. - The piſtil conſiſts of three parts; the in- 
well ferior part, or ovarium, which contains the embryo, 
iforh and is called in Latin germen ; the filament, which riſes 
then out of the ovarium, or ſtyle ; and its extremity, which 

k more or leſs dilated, and is called ſigma. The ſexual 
ehem of Linnzus is founded on the number, and the 
ative poſitions of the ſtamina, and the piſtils. M. de 
coo Jufficu has formed a ſyſtem from the inſertion of the 
con #2mina, above or under the germen, &c. 

5. Flowers are ſucceeded by fruits. Botaniſts diſ- 
tnguiſh fruits into ſeven ſpecies ; the | capſule ; the 
liqua; the legumen; the conſeptaculum, which be- 
comes dry; fruits having kernels ; fruits having pippins 
and berries, which remain ſucculent. The purpoſe of 
theſe organs is to incloſe the ſeeds, and to protect them 
irom ſuffering by the action of external bodies. 

04 6b, 
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6. The ſeeds of plants differ greatly in form, magy, 
tude, appendices, &c. The ſeed contains the Plumul; 
or {mall plant, the radicula, and the cotyledons. There 
are two of theſe latter in moſt vegetables; yet many 
families of plants have but one cotyledon. This part i 
to the grain, what the yellow and white of an egg are 
to the embryo bird; it contains a ſubſtance intended ſo 
nutriment to the young plant during the germination, 
Beſides, the cotyledons of many ſeeds contain fleſhy an 
farinaceous bodies, &c. 

Vegetables, conſidered as to their internal ſtruQure, 
contain five ſpecies of veſſels, or organs, which exit 
through all their parts, 1, The common veſſels whic ſultec 
convey the ſap. Theſe are placed in the middle d terna 
plants and trees; they riſe perpendicularly, but bend des. 
Ladrully, fo as to form ſmall vacancies between then, 
2. The peculiar veſſels which ſecrete and convey ths 
Juices peculiar to each vegetable, oils, reſins, gums, &. 
Theſe are placed under the bark; they are often dilatel 
into cavities, or reſervoirs; they ſeem to be excretory 
ducts. 3. The tracheæ, through which the air that 9. 
getables take in from the atmoſphere, circulates. When 

a a young and green branch is broken, theſe may be ob 
ſerved, and known from their ſpiral form, reſembling # 
cork-ſcrew. They are often full of ſap. 4. The utricle, 
which are formed of ſmall bags, containing the pith, aul 
frequently colouring matter. They are placed in tht 
middle of the ſtem. 5. The veſicular tiſſue, exhibitug 
a ſeries of ſmall cells, leading horizontally from the pith 
croſſing the ſap- veſſels, filling up the vacuities amony 


them, and ſpreading over the epidermis, where they forn 
1 
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a ſoft covering like the ſkins of animals. The veſicular 
tiſſue of vegetables ſeems to correſpond to the cellular 
membrane of animals. 

All parts of vegetables conſiſt of an aſſemblage of 
theſe five kinds of veſſels; which are, each of them, 
more or fewer in number, dilated, contracted, &c. On 
his diverſity, in point of number and diſpoſition, depend 
the differences in the form and texture of the roots, 
tems, leaves, &c. of plants. | 

Malphigi, Grew, and Duhamel, are the three natu- 
ralits who have ſtudied the anatomy of vegetables 
with the greateſt ſucceſs ; and their works will be con- 
ſulted with the greateſt advantage, concerning the in- 
ternal ſtructure of the ſeveral parts of vegetable ho- 


dies. 
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LL theſe organs of vegetables, of which we hare 

given the above brief account, are deſigned far 

the performance of the various motions called fundiim 
Theſe functions are, 

1. The motion of the fluids, which is a ſort of circy- 


lation. 
2. The alterations or changes produced on thoſe fluid, 


which are effected in their ſecretion. 


3- The growth of the vegetable, and the developement 
of its parts by nutrition. 

4. The exhalation of the ſeveral fluids elaborated 
by the organs of vegetables, and the receiving of (+ 
veral principles from the atmoſphere by the ſame or 
_—_ 

5. The action of air, and the employment of that ful 
in the veſſels of vegetables. 


6. The motion performed by ſome of their parts. 
1 
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7. That ſort of ſenſibility by which they court the 
contact of bodies that wy be uſeful to them, ſuch as 
light, bes © 

8. Laſtly, The ſeveral FIT by which plants 
are . and ſpecies reproduced. Let us confider 
each of theſe functions more particularly. 

The principal fluid in vegetables, which is called the 
ſap, is contained in certain duQs, which are known by 
the name of common veſſels. Theſe veſſels, ſituated in 
the centre of the ſtem, and under the bark, extend 
from the root all the way to the leaves and flowers. The 
fap which they convey 18 a colourleſs fluid, more or leſs 
inſipid in taſte, and intended, like the blood of animals, to 
be ſeparated into different juices, for the nouriſhment and 
ſuſtenance of the various organs. In ſpring it flows very 
copiouſly, cauſing the plant to diſplay leaves and flowers. 
By applying ligatures, and by all the phænomena of ve- 
retation, it has been proved, we think in a ſatistactory 
manner, that the ſap aſcends from the root through 
the ſtem and the branches. We are not ſo certain 
whether it -be true, as ſome naturaliſts have thought, 
that it deſcends again towards the root. Ihe exiſtence 
of thoſe valves, which ſome botaniſts have repreſented 
2s belonging to the common veſſels of plants, has not 
been demonſtrated ; not at leaſt unleſs we give the 
name to certain filaments or hairs with which Tourne- 
fort and Duhamel have obſerved their interior fides to 
be lined. There is a vaſt difference between this irre- 
gular motion and the circulation of the fluids in animals. 

The fap being conveyed into the utricles, and thence 
into the proper veſſels, is there elaborated in a peculiar 


manner, By this elaboration it is wrought into different 
fluids, 
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fluids, faccharine, oily, mucilaginous, which are di. 
charged by an organic excretion; and of which the 
evacuation ſeems to be an advantage to the vegetable, 
as it does not appear to ſuſſer even from a conſiderable 


| Joſs of theſe matters. This alteration of the fluids, which 


may be diſtinctly obſerved as it takes place in ſeveral af 
the organs, in the nectarium, for inſtance, at the extre. 
mity of the piſtil, in the pulp of fruits, at the baſe of 
the calices, and of many of the leaves, is entirely effes. 
ed by a function ſimilar to that which in animals bear 
the name of ſecretion. Guettard has carried this analo. 
gy fo far as to deſcribe glands of yarious forms, at the 
baſes of the leaves of fruit- trees, and towards the inner 
extremity of the petals of certain flowers. This ſecre. 
tion ſeparates the odorous principle, the colouring mat. 


ter, the combuſtible ſubſtance, &c. ; but it differs from 


animal ſecretion, as animal ſecretion is entirely owing 
to the organization of the glands which elaborate the 
animal fluids: whereas in vegetables, the juices convey 
ed through the common veſſels, are in the proper vellel; 
more expoſed to the contact of air and light, and the 
action- of heat; and their fituation renders them liable 
to pals, by the operation of theſe agents, through a pro. 
ceſs of fermentation, by which only they can be d. 
tered. b 28 lte 

The ſap in the cavities of the utricles and the veſicu- 
lar tiſſue, becomes thick, and acquires more or leſs con- 
ſiſtency. In conſequence of this alteration, it adheres to 
the ſides of the fibres, and incorporates with them gra 
dually, ſo as to increaſe their dimenſions. Such is ths 
mechaniſm by which vegetables are nouriſhed and grow, 


and unfold their parts. It bears a great reſemblance to 
| the 
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he nutrition of animals. The veſicular tiſſue of vege- 


ed with a fimilar ſtructure, and intended to ſerve ſimi 
ar purpoſes. They paſs in the ſame manner through 
all the organs of the bodies to which they reſpectively 
belong; they eſtabliſh a direct communication among 
theſe organs; and both may be ſaid to be the ſeats of 
nutrition. | 

Philoſophical botaniſts have long been convinced, that 
plants exhale efuvia, from their ſurfaces, which are dif- 
fuſed through the air. The odorate ſpirit of leaves and 
fowers forms round vegetables, an atmoſphere which af. 
ſets the ſenſes in a lively manner; and which, as has 
been obſerved with regard to the fraxinella, the conta& 
of a burning body will ſometimes ſet on fire. This 
efluvia appears to be an inflammable gas of a peculiar 
nature. Mankind have alfo learned from fatal expe- 
nience, that ſome vegetables exhale vapours, noxious 
to ſuch animals as approach them. The walnut, the 
yew, and many other trees, natives of warm climates, 
are of this kind, | | 
M. Ingenhouſz has diſcovered by experiment, that 
the leaves of all plants, when expoſed to the ſun and to 
light, pour into the atmoſphere an inviſible fluid, which 
is vital air of the ſame qualities with that obtained from 
oxide of manganeſe, mercury, &c. But in the ſhade 
they no longer exert ſuch a property ; inſtead of vital 
air, they give out carbonic acid gas, when deprived of 
the contact of light. This valuable diſcovery, which 
was firſt communicated to the world by Dr Prieſtley, 
ſhows vegetables to poſſeſs a property that was not be- 


fore attributed to them, and to be capable of purifying 
and 


ables, and the cellular membrane of animals, are form- 
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and renovating the air, by pouring into it a portion q 
that vivifying fluid which is conſtantly conſumed hy 
combuſtion, reſpiration, &c. But if vegetables are con 


| tinually diffuſing vaporous fluids through the atmoſphere, 


produced by the laſt proceſſes of vegetation ;. they like, 
wiſe abſorb ſeveral of the principles of the atmoſphere, 
The experiments of Bonnet ſhow, that the under (ur. 
face of the leaves abſorbs moiſture from the dew. Jy 
Prieſtley has proved, by his reſearches, that vegetables 
abſorb the gazeous reſidues of combuſtion and reſpir 
tion; for vegetation is more ſpeedy and vigorous in at 
altered by theſe phænomena. Exhalation and inhalation 
are therefore much more conſiderable and important 
phænomena of the vegetable kingdom, than they were 
known to be before the modern diſcoveries. It even 
appears, that the water abſorbed by the under part of 
the leaves is decompoſed by their organs, its hydroge. 
nous gas abſorbed, and its oxigene converted into the 
vital air which is diſengaged from the upper ſurfaces d 
the leaves. The rays of the ſun contribute greatly to 
this decompoſition ; for it does not take place in the 
ſhade. The water being then not decompoſed, but abſord- 
ed entire, renders the plants white, inſipid, ſoft, and in 
a word @ticlated ; and in ſuch caſes, much leſs colou- 
ing, combuſtible, or oily matter, is formed, than wha 
the plant is expoſed to the action of light. 

The gaſes abſorbed by vegetables are conveyel 
through all their organs by veſſels known under th: 
name of trachea, which in their uſe and ſtructure bear 4 
reſemblance to thoſe of inſects and worms. But th! 
conveyance of this fluid is not the only purpoſe for wic 


theſe trachez are intended. They are obſerved to be 
filled 
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glled with ſap in the ſeaſon when that, fluid flows in 
eſt abundance; a circumſtance which diſtinguiſhes 
them widely from thoſe organs of reſpiration which be- 
long to ſo great a number of animals, and are ſo eſſen- 
tially neceſſary. From the theory of reſpiration which 
we have laid down in the hiſtory of air, it is eaſy to ex- 
plain why vegetables poſleſs not free heat in a degree of 
temperature ſuperior to that of the atmoſphere. 

Several parts of vegetables have, no doubt, an inter- 
nal principle of motion. In ſome plants this motion is 
ſo conſiderable as to be obſervable by the eye. Such 
is the motion of the ſenſitive plant, of the ſtamina of the 
Indian fig, of pellitory, &c. This motion ſeems to cor- 
reſpond to that function of animal organs which is call- 
ed irritability ; for it is effected by the action of a ſti- 
mulus, and by peculiar organs, which are by ſome bo- 
taniſts compared to the muſcular fibres. 

Can we deny plants to poſſeſs a ſort of ſenſibility, when 
we ſee them turn their leaves and flowers towards the 
ſun; when we obſerve, that, if encloſed in boxes of 
wood, with glaſs on one ſide, or perforated with an open 
hole, or ſimply thinner on that fide than on the other, 
they conſtantly turn towards the tranſparent body, or 
the aperture through which light is permitted to enter, 
or the ſide which, being thinner, is nearer to that fluid 
than the other ? Or, is this appearance of ſenſibility ra- 
ther to be conſidered as an effect of the power of affinity, 
of the tendency of vegetables to combine with light? It 
has been fully proved, that, either by percuſſion-or com- 
bination, this ſubſtance produces in plants the proper- 


ies of colour, taſte, and combuſtibility; in the ſhade, 


tren the talleſt plants are white, inſipid, aqueous, and 
deſtitute 
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deſtitute of any inflammable principle: but, again, 1. 
getables expoſed to the rays of the ſun, in the totrid q 
mates of the ſouth, are very high coloured, contain bi. 
ter and reſinous parts, and are very combuſtible. Hoy. 
ever ſtrong this affinity be allowed to be, yet it is hari 
to imagine how it could excite ſuch a motion in the 
branches and leaves of vegetables. We muſt therefy: 
grant them a peculiar ſenſation, a ſort of feeling yey 
different indeed from that of animals, by which the 
are enabled to diſtinguiſh and prefer ſuch ſituations 2 
are moſt expoſed to the light. | 

The methods which nature uſes for the reprodudtion 
of ſpecies of vegetables are ſtrongly analogous to thoſe hj 
which the generations of animals are perpetuated. The 
greateſt number-of the ſpecies of plants are propagated by 
ſexual coition. The labours of the celebrated Linnzw 
have diſcovered a ſtriking reſemblance between the or. 
gans deſigned for this purpoſe in theſe two claſſes of or. 
ganic beings. The ſtamina of plants correſpond to the 
genital-parts of male animals, and the piſtils conſiſt d 
three parts, which bear an equal reſemblance to the ſame 
organs of female animals. The embryo is developed by 
the action of the fecundating powder, without which a 
new individual could not be produced from it; agree- 
ably to what is daily obſerved of birds. But beſides thi 
analogy, which it would be needleſs to trace farther, 
vegetables are of a much ſimpler ſtructure than ani 
mals, and their parts conſiſt all of the ſame organs, at) 
of them is capable of producing a new individual im! 
lar to that which it belonged. This is the reaſon of tht 


reproduction of plants by means of ſcions or flips, 2 
4 wel 
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well as of the alteration of their fluids by grafting, 
whether natural or artificial. Here, therefore, is ano- 
cher analogy between vegetables and that claſs of ani- 
mals which are reproduced by diviſion into pieces, as 
polypi, cruſtaceous inſects, certain worms, &c. 

All theſe functions of vegetables, which bear ſo ſtri- 
king an analogy to thoſe of animals, are liable to altera- 
tions, by which the vegetable is brought into a diſeaſed 
ſtate, Theſe diſeaſes to which plants are liable, depend 
commonly either on ſuperfluity or defect of ſap, as well 
2s on the bad qualities which the ſap may happen to 
acquire; and they bear, therefore, no ſmall reſemblance 
to thoſe with which animals are affected. Their cauſes, 
ſymptoms, and cure, come under the general principles 
of medicine; and form a branch of agricultural know- 
ledge, in which, it muſt be confeſſed, little progreſs has 
yet been made; but which may be greatly advanced by 
following the directions of ſome celebrated mode 
vriters on the ſubject. 
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fluids contained in vegetables are of two kind hav 

the eommon and the proper juices. The firſt d perl 

theſe conſtitute the ſap, which is found in all plans, . 
This fluid ſeems to perform the ſame functions in vege the } 
table, which the blood does in animal bodies. It ü the f 
contained in the common veſſels : It runs naturally fun Lond 
their ſurfaces; but may be extracted in greater abut aor : 
dance by inciſion. The ſap is not an aqueous fluid, bu Th 
contains ſalts, extracts, and mucilages. When a certat nich 
quantity of it is wanted, in order to an examination d bat : 
its properties, or for medical uſes, the plant is brajed re di 
in a mortar, and ſqueezed through a linen cloth: ee 
the plant do not readily yield its juice, it is put im Tho 
a preſs. ably i 
Succulent vegetables give out their juice by ſimpt Gergo 
expreſſion, Thoſe whoſe juices are viſcid, or not 1 Footed 
copious, muſt be treated with water to ſwell and dit A 
| 


them; ſuch are borage and the dry aromatic plan 
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This fuid, when extracted by the force of preſſure, is 
found to contain a portion of the ſolids of the vege- 
table, which were bruifed, with the peſtil : it muſt then 
be purified. Juices of plants are purified, 1. Simply by 
reſt, or by filtration, when they are very fluid : in this 
way, for inſtance, are the juices of purſlain and the 
houſe-leek purified. 2. By the white of eggs, which 
collects the impure parts by coagulation ; it is uſed with 
borage, nettles,, &c. 3. By the ſimple application of 
heat, which coagulates and precipitates the parenchyma: 
M. Baume recommends this as the beſt way for purify- 
ing thoſe vegetable juices which contain volatile prin- 
ciples, ſuch as that of cochlearia, creſſes, &c, The phial 
containing the juice is immerſed in boiling water, care 
having been taken ta cover it with a piece of paper 
perforated with a hole; when the juice becomes pure, 
it is taken out ; it is then immerſed in cold water, and 
the juice filtrated. 4. By alcohol, which coagulates 
the feculent part. 5. By vegetable acids, which the 
London Pharmacopœia preſcribes for the juices of cru- 
ciform plants, | 

There are matters diflolved in the juices of plants, 
vch, when ſeparated from the aqueous vehicle, form 
what is called in pharmacy the extract. Theſe matters 
ae diſtinguiſhed into three ſpecies, mucilaginous, ſapo- 
aaceous, and gum-reſinous extracts. 

Thoſe are called mucilaginous extradts. which diſſolve 
ally in water, are ſcarce ſoluble in alcohol, and un- 
dergo ſpirituous fermentation; ſuch is the rob of the 
pooleberry, which is prepared by evaporating the 
lice, 

Szponaceous extracts diflolve in water, ar partly ſo- 

” 2 luble 


228 | Of Fuices and Extras, 


luble in alcohol, and rather mould than pals into a la 
of ſpirituous fermentation. Such is the] > Juice of 
when reduced to an extract. Theſe are extracts pro. 
perly ſo called. 
dum. reſins are ſoluble both in water and in alcohsl, 
They are inflammable, as containing a reſinous prin. 
ciple, and are not liable to ſuffer any alteration fron 
air. The concentrated juice of wild cucumber, calle 
elaterium, is of this fort. Inciſions are made in the fru 
of this plant; and the juice ſqueezed out, ſuffered t 
clarify of itſelf, and evaporated to dryneſs on a water 
bath. | | 

Theſe three different ſorts of extracts are pres 
red in the great way for commerce, by the evaporation 
of the juice of various plants, Of theſe, among othen, 
un re 

1. The juice of acacia; which is prepared in FEgyt 
by pounding the fruit of that tree, preſſing out the juice, 
and evaporating it by the ſun : the juice of acacia, fron 
Germany, is prepared from the juice of floes by a fu 
lar proceſs. 

2. That of hypociſtis, which is prepared like the abo 
from the fruits of this paraſitical plant. 

3. Opium, a medicine of great importance, the u 
ture of which ſhould be very well known. It ia 
trated from the white poppy in Perſia, &c. Ther 
flows out, by incifions made in the green capſules of i 
plant, a white juice, which is dried into brown tem 
this is the true opium. The opium which is comma 
ly ſold, is prepared by firſt ſoaking the capſules in 
ter, and then ſqueezing them; this juice is dried, 23 ſubſtar 
formed into flat circular cakes, covered with leaves, , 'ighly 


nixed with a good deal of impurities. To purify it, it 
is diſſolved by the help of heat, with as ſmall a quan- 
tity of water as poſlible ; the liquor is-filtrated or ſtrain- 
ed by ſtrong preſſure, and evaporated on a balneum 
marize. This is the extract of opium. This ſubſtance 
contains a ſaponaceous extract, a reſin, a ſolid eſſential 
oil, an odorous principle, which is poiſonous and nar- 
acotic, an eſſential ſalt, and a glutinous matter; As 
the odorous, poiſonous, and narcotic principle; is often 
noxious, attempts have been made to obtain the extract 
of opium without that principle. M. Baume, who has 
examined this medicine with much care; volatilized that 
principle, together with the eſſential oil, and in conſe- 
quence of that, ſeparated the reſin by digeſtion, for ſix 
months. Bucquet has diſcovered, that this extract may 
de obtained in ſuch à ſtate as to be ſedative, and not 
narcotic, by diſſolving opium in cold water, and eva- 
porating the ſolution in a balneum mariæ. Lorry, who 
has made ſome very valuable experiments on this mat- 
ter, has diſcovered, that fermented opium affords by 
liſtillation a ſedative water which has no poiſonous qua- 
lities, and has preſcribed it with great ſucceſs. He ob- 
ſerves, that the odorous principle of this medicine can- 
not be deſtroyed by this proceſs. 

To obtain the extracts of dry ligneous plants, we 
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Is th 
Tho mult employ maceration, infuſion, or decoction in wa- 
fu ter, according to the particular ſtate and nature of the 


matter, from which the extract is deſired ; maceration 
8 often ſufficient. Odorous plants can only be treated 
by infuſion. Decoctian carries off too much of their 
ſubſtance, and ſeparates the reſinous part: it forms an 
highly concentrated thick fluid, which becomes turbid 
P 3 by 


230 D/ Fuices and tracts. 


by cooling. Infuſion will be ſufficient in any caſe. Sy, 
is the opinion of the greateſt chemiſts and the moſt ce. 


lebrated phyſicians. 

By water, various products can be extracted from ſe. by 
veral plants. Thus juniper-berries afford with water ſl 
a mucilaginous extract; quinquina affords a ſaponaceoys ef 

extract, which is obtained in ſmall tranſparent ſcales, of | 
a ſaline appearance, if the ſolution be evaporated in fro 
broad flat veſſels ; rhubarb affords in the ſame manne ed 
a a gum-reſinous ſubſtance. 8 

The chemical extract, properly fo called, or the fi. Bl 
ponaceous extract, was thought to be a compound of oil ny 
with fixed vegetable alkali. It was juſtly obſerved, how. _ 
ever, that the extracts prepared in pharmacy are far from : 
being all of the ſame nature; they are mixed with muci- — 
lage, eſſential ſalt, ſaccharine juice, and reſin, For this rea. ry 
fon, Rouelle, with a view to throw new light on this par 95 
of medical chemiſtry, has diſtinguiſned them, as above £ 
mentioned, into three genera. But the pure extrad, "= 
reckoned among the immediate principles of vegetable, call 
is to be conſidered as a compound differing from the 5 
others, and poſſeſſed of peculiar properties. I have jult prot 

diſcovered; that this principle is not a ſoap; that i Wi © 
poſſeſſꝛs the property of abſorbing oxigene from the 8 
atmoſphere; of becoming inſoluble in water, and d 
aſſuming the characters of a concrete oil. Theſe are the — ; 
properties by which I aſcertain the preſence of this ſub. ppl 
ſtance, and diſtinguiſh it from all the other immediate Tore 
principles of vegetables. _ 

There are extracts prepared in te great way for con- Kg 


merce by water. Such are, 


I, 
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1. The juice of liquorice, which is yellow by the firſt 
fuſion, and black by a powerful decoction. The black 
juice is burnt, and actually contains coal, It is purified 
by melting it in water, filtering and evaporating the 
ſolution, which is rendered aromatic by the addition of 
eſſential oil, of anniſeed, cinnamon, &c. | 

2. The cachou, which is obtained in the Eaſt Indies, 
from an infuſion of the ſeed of a certain palm-tree, call- 
ed the areca. This ſolution is evaporated, and the 
matter obtained is formed into broad cakes. The cachou 
is purified for medical purpoſes by ſolution in water and 
evaporation. It is ſeaſoned with aromatics like liquo- 
tice· juice. | 8 1 

Among the extracts which are prepared for medical 
purpoſes, Rouelle has taken particular notice of thoſe 
mixed with reſin, by the name of extracto-reſinout, or 
reſino-extraftive matter. | | 

Extrafo-reſinous matter does not burn till after it be 
dried: it ſeems to contain more extract, properly ſo 
called, than reſin. Reſino-extradtive matter burns much 
better than the former : it ſeems to contain a greater 
proportion of reſin than of the extractive matter. This 
diſtinction proves theſe two ſpecies to be nothing but 
mixtures of extract in various proportions with a reſi- 
nous principle. They are not, therefore, extracts pro- 
perly ſo called ; and the name can be with propriety 
applied only to the ſaponaceous matter; which is there- 
fore the ſubſtance whoſe properties we ought to exa- 
mine. | | 

The pure extract differs from thoſe above mentioned. 
Taking all its properties together, we may conſider it 
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28 2 dry ſolid ſubſtance, of a brown red colour, tra, 
parent, not capable of burning by itſelf, but which 
exhales a good deal of ſmoke, and is found to contain 
more or leſs eſſentlal falt. Its taſte is almoſt 
bitter, it affords by diſtillation an inſipid phlegm; ex. 
poſed to a moderate fire, the phlegm by degrees take 
a colour, and becomes of an alkaline nature, which i; 
obſerved of elaterium, the extract of borage, &c. The 
ammoniac of the product, is formed by the heat: then 
paſſes next a little empyreumatic oil; the coal is light, 
contains potaſh, and almoſt always neutral ſalts. The 
extract, when expoſed to the air, acquires a kind of 
moulding over its ſurface, and attracts moiſture ; and 
the ſalts mixed with it, cryſtallize and ſeparate fron 
the extractive part. They are often entirely alterel 
and decompoſed on this occaſion. It diſſolves in ws 


ter, and is then like a ſtrong infuſion. Acids decom- 


poſe this ſolution like ſoaps. Metallic ſolutions Jike 


wile precipitate it; and the ſubſtances are, on this oc 


caſion, mutually decompoſed. Theſe properties were 


thought ſufficient to make extract be looked upon as a 


kind of ſoap: they are moſtly owing, however, to the 
attraction of this ſubſtance for oxigene, and to its ab 
forption of this principle. Extract, therefore, properl 
fo called, muſt henceforth be conſidered as an organic 


compound. of hydrogene, carbone, and a little azott, 
poſſeſſing a ſtrong attraction for oxigene, which it ab 


ſorbs from every ſubſtance that contains it, and after 


wards paſſes into an oily concrete ſtate. 


Extracts are employed in medicine as aperitives, di 
cuſlives, diuretics, ſtomachics, and almoſt always vit 
great ſucceſs, 
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CH AP. IV. 


(f the eſſential Salts of Vegetables ; and of thoſe in parti. 
cular which are analagous to Mineral Salts. 


TA faline ſubſtances held in ſolution in the juices 

of plants, or in water in which they have been 
infuſed, are called their eſſential ſalts, They are ex- 
trated by ſuffering theſe fluids to cool, after they have 
been evaporated to the conſiſtency of a ſyrup. As 
theſe ſalts are impregnated with extracts and fat mat- 
ters, they need to be purified with lime and the white 
of eggs. When the ſalts are acid, lime muſt not be 
uſed, as it would neutralize them, but pure white clay 
in powder. After this firſt extraction, they are ſtill very 
impure. They are diſſolved in diſtilled water, and re- 
paatedly cryſtallized till they become white. This pro- 
cs can be employed only on thoſe eſſential ſalts of ve- 
etables which are cryſtallizable ; but there have been 
lome vegetable falts diſcovered which are not cryſtalli- 
zable, and which, on account of their mixture or combi- 
nation with other principles, cannot be extracted by ſuch a 
imple proceſs. In giving an account of the ſalts contained 
in 


tinguiſh them into the following ſix genera. 


Ihe ſecond conſiſts of the pure acid ſalts of plant, 
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vegetables, or at leaſt obtained from them, we ſhall di 


The firſt genus comprehends all ſuch vegetable fin 
as are analogous to thoſe with which we are acquaint 
in the mineral kingdom. 


In the third we ſhall rank acid ſalts combined with 
certain quantity of potaſh, under the generic name d 
acidulæ. 5 

To the fourth genus we may refer ſuch as are forme 
by the action of the nitric acid on ſome vegetable ma. 
ter. 

The fifth may contain ſuch as owe their formation t 
heat. : | | 

Laſtly, Under the ſixth we include vegetable acid 
produced by a particular fermentation. 


Firſt Genus of Fegetable Salts. Salts analogous te 
thoſe of the Mineral Kingdom. 


Tux firſt genus of the eſſential ſalts of vegetabla 
comprehends neutral ſalts extracted from their juices by 
evaporation, which are analogous to thoſe of the mins 
ral kingdom. The principal ſpecies of theſe ſalts ats 
1. Fixed alkalis in combination with carbonic ack, 
which are obtained from almoſt all plants, by macers 
ting them in acids, as has been ſhown by Margraf a 
Rouelle the younger: potaſh is moſt commonly obtain 
ed; ſoda exiſts in ſome marine plants; 2. Sulphat 
of potaſh, in millefoil, in old borage, in aſtringent u 
aromatic plants, in ſpurge flax, and in the mark « 


olires.- 3. Sulphate of ſoda, from tamariſk, and iro 
roter 
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Ul. toten wood. 4. Nitte, from borage, turnſole, tobacco, 
be. 5. Muriate of potaſh, and muriate of ſoda, from 
an darine plants. 6. Sulphate of lime, diſcovered by Mo- 
ae 2-1 in rhubarb. The exiſtence of the laſt ſalt is doubt - 
ful; for Scheele ſuſpects that what Model took for ſul- 
* phate of lime was only calcareous oxalate. 
ta By an accurate analyſis of a greater number of plants, 
e many other ſalts might no doubt be found in vegetables, 
reſembling mineral ſalts. It was alſo thought that am- 
mel N -niacal carbonate exiſted ready formed in ſome cru- 
na BS ciform plants; becauſe thoſe plants, when diſtilled, af. 
forded, by the firſt impreſſion of the heat, a phlegm, in 
which there was a little of this ſalt diſſolved. The an- 
| cient chemiſts, on this account, called thoſe plants ani- 
wn plants. But Rouelle the younger has ſhown, that 
the falt is not ready formed in the plant, but is produ- 
cd in conſequence of the re- action of the principles of 
the plant occaſioned by heat. M. Baume has re- 
preſented this volatile principle of cruciform plants, as 
being nothing but ſulphur. The ammonaic obtained 
* from thoſe plants has been fully proved by M. Berthol- 
let, to proceed from the combination of the hydrogenous 
part of the oil with the azote contained in the vege- 
table. 

Naturaliſts have been of different opinions concerning 
the mineral ſalts found in plants. Some think the ſalts 
to be conveyed from the earth into the vegetable by wa- 
ter, without alteration. Others think them to be form- 
ed by the act of vegetation. One thing certain is, that 
two very different plants, ſuch as borage and millefoil, 
growing on the ſame ſoil, afford each its peculiar acid; 


borage, nitre, and millefoil, ſulphate of potaſh. This 
doubtful 
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doubtful queſtion might be determined by a ſingle exp, 
riment ; of which much has been ſaid, but which ha 
never been performed with ſufficient exaQneſs. The e 
periment is, to raiſe, from a previoully lixiviated earth 
plants affording a kind of ſalt, like nitre, and to wys 
them with water impregnated with muriate of ſoda, g 
ſome other ſalt. If they ſhould be till found to af 
nitre, and not muriate of ſoda, it might be inferrel 
that ſalt does not paſs from the earth into the plant u 
altered, but that the proper ſalt is formed in the plant by 
the functions of vegetation. Whatever may be the u. 
ſult of this experiment, it will be proved, that a numbe 
of the ſalts which we examined in the mineral kingdon 
are immediately formed in vegetables. 


CHAP. v. 


of the ſecond Genus of Eſſential Salts, or of the Pure | 


* Acids of Vegetables. 
N | 
con 


N the ſecond genus of eſſential vegetable falts, we 
rank thoſe acids which are entirely formed in plants, 
and are extracted from them pure by very ſimple pro- 
ceſſes. There are five acids of this genus, the citric, the 
gallic, the malic, and the benzoic. 


§ 1. Of the Citric Acid. 


WE give the name of citric acid to the pure acid 
wach Scheele obtained from lemon- juice. 

Chemiſts formerly, without attending to the peculiar 
characteriſtic of this acid juice, compared it to that of 
artar; and at that period all vegetable acids were 
thought to be of the ſame nature. Attempts have been 


made to concentrate and purify the acid juice of the le- 
mon 
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mon and the orange, in order to preſerve them for low 
voyages. The juice of the former of theſe fruit jy 
fuch an acid taſte, and produces ſuch an effeQual alter, 
tion on blue colours, that there can be no doubt ents, 
tained concerning its nature. M. de Morveau has founs 
the ſpecific gravity of this juice to be to that of diſtilal 
water as 1, 860 to 1. 

When this juice is kept for ſome time, it acquire x 
diſagreeable taſte, and is covered over with a mould, 
' neſs : this alteration is owing to its containing a conk. 
derable proportion of mucilage, of which chemiſts hay 
endeavoured to purify it. Before means were found out 
by which that might be accompliſhed, it was preſerved 
in glaſs bottles, and covered with oil. Some people pro. 
poſed to put ſand into the veſſels ; others added a mins, 
ral acid; either of theſe proceſſes altered the nature d 
the juice. The firſt was ſuperior to the others; but eva 
with it, the juice, in the ſpace of a few days, contradted 
a tart, oily, and diſagreeable taſte, M. Georgius, in the 
year 1774, publiſhed, among the Acts of the Acadeny 
of Stockholm, a proceſs for concentrating the acid juice 
of citrons, and rendering it unalterable. He direQs thy 
juice to be kept for ſome time in the cellar, in inverte 
bottles, in order to ſeparate from it a part of the mud. 
lage, and to expoſe it to a cold three or four degrees ut- 
deroin Reamur's thermometer; the aqueous part freeze, 
carrying with it, as would appear, a portion of the mud 
laginous matter : care mult be taken, as the ice forms, to 
ſeparate the liquid from it; and the congelation mul 
be carried on till the ice become acid. M. Georgius bs 
found, that when the juice is reduced to an eighth pat 


of its bulk, and is eight times as ſtrong as before, 1 
1 drachn 


form 
lenfib! 
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1:achm of citron juice, concentrated by congelation, 
vil ſaturate thirty-ſix grains of potaſh, which would re- 
quire to ſaturate it an ounce of the ſame juice before 
concentration. This acid, thus concentrated, may be 
employed for many ceconomical purpoſes. Dry lemon- 
ade is prepared by mixing it with ſugar refined and re- 
duced to powder, in the proportion of one part to fix. 
Citron, or lemon-juice, if expoſed ſoon after its pre- 
paration to an atmoſphere above the temperature of 155 
of Reamur, depoſites a white ſemi-tranſparent, mucilagi- 
nous matter, of a gelatinous conſiſtency ; this juice, 
when decanted and filtered, becomes leſs liable to altera- 
tion than before. The mucilaginous matter, when dried, 
does not diſſolve in boiling water: when treated with 
the acid of nitre, it affords gas azote, and is converted 
nto oxalic acid : this is not a gummy mucilage, but 
bears an analogy to the vegetable gluten, of which we 
ſpoke in the article farina. 
M. Dubuiſſon has preſerved citron-juice by a pro- 
ceſs directly oppoſite to that of M. Georgius. On eva» 
porating this juice by a moderate heat long continued, 
the mucilage becomes thick, and ſeparates in the form 
ofa cruſt and glutinous flakes ; the acid liquid is con- 
centrated, and may be long kept in well ſtopped bottles, 
vithout being liable to alteration. M. Dubuiſſon has 
obſerved, that the contact of the air which remains be- 
tween the ſtopper and the ſurface of this acid liquor 
concentrated by evaporation, is ſufficient to ſeparate in a 
lew weeks flakes of a white ſubſtance, which he thinks 
to be glutinous, and which collecting on the ſurface, 
form there an elaſtic conſiſtent body. The acid is not 


ſenſibly altered during this ſeparation. 
| Theſe 
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Theſe are the ſeveral proceſſes which were Propoſe 


and uſed, before Scheele's time, for purifying and pre. J 
ſerving citron· juice. From them it appears, indeed, thy * 
this acid had engaged the attention of chemiſts; but j » 
was prepared only for the purpoſes of pharmacy; uy by 
ſo fully was every one perſuaded that its nature wu the = 
fame with that of the acid of tartar, that no doubt v bon 
ever ſuggeſted of that being the caſe. Stahl had aſſenei 9 1 
that lemon. juice, when ſaturated with the lobſter. du N ge 
or with chalk, acquired the nature of vinegar. Sever] q 
chemiſts had attempted to combine it with alkalis, yit * 
out obtaining permanent cryſtals from the combinatiq, 10d 
on account no doubt of the mucilage fo plentifully nix ou 
ed with it. M. de Morveau, however, informs us, thy 


by ſaturating lemon-juice with carbonate of potaſh, es 
poſing the ſolution to the air, and filtering it ſeven 
times, he obtained from it a ſalt cryſtallized in fail 
opaque grains not liable to deliquiate. ; 
Scheele, in Crell's Journal, in the year 1784, gan 
a proceſs for obtaining the acid of lemon very pur, 
ſeparated from the mucilage and the extraftive ma 
ter by which it is altered in the juice as preſſed tron 
the fruit, and in a concrete form. He firſt employ 
ed alcohol to ſeparate the mucilage by coagulating 
and did not ſucceed ; the liquor, when inſpiſſated, ik 
tered, and evaporated, afforded no cryſtals. He tri 
the proceſs which he had ſeveral years before dil 
vered for purifying the acid of tartar, and obtaind 
the acid of lemon, pure and concreted, The proc 
is as follows: Saturate boiling lemon-juice with | 
verized chalk. The acid forms with the lime a a 


that is ſcarce ſoluble, and the mucilaginous and extradi 
3 ſubſtanck 
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ſübſtances remain difolved in the ſupernatant liquor; 
he precipitate is to be waſhed with lukewarm water, 
dal it ceaſe to deepen in colour; it«diffolves nearly as 
vell as ſulphate of lime : it is then treated with as much 
ſulphuric acid as is requiſite to faturate the chalk, di- 
luted in ten parts of water; and the mixture is now 
boiled for a few minutes Afterwards it muſt be cool- 
ed and filtered; the ſulphate of lime remains on the 
flter ; and the liquor affords, by evaporation, a concrete 


Scheele has remarked, to uſe an exceſs of ſulphurie 
cid, than to leave a little lime not ſaturated : as this 
yould prevent the citric acid from cxyſtallizing; where- 
u, when there is an exceſs of ſulphuric acid, it remains 
in the mother-water, 

The citric acid thus prepared is very pure and high- 
ly concentrated : its taſte is ſtrongly acid; it reddens 
all blue vegetable colours that are ſuſceptible of ſuch a 
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Change. Fire decompoſes it, converting it into acidu- 
pur ous phlegm, gazeous carbonic acid, and carbonated 
na ydrogenous gas: there remains in the retort a little 
Wi 


olves eaſily enough in water. The ſolution is decom- 
joled by an actual putrefaction, which indeed takes 


d, i place but very lowly. With earths and alkalis, it forms 
| tn rates of aluminous earth, barytes, magneſia, lime, 
ain jtaſh, ſoda, and ammoniac; the properties of which 
ne e no: yet been examined, though they are known to 
proce iter rom all other neutral ſalts. The nitric acid does 
in par convert this, like ſeveral other vegetable acids, into 
2 


lic acid: this appears indeed to be one of the moſt 
weriul vegetable acids. It acts with the help of 
Yor. III. Q water 


cryſtallized acid. In this operation, it is bettet, as 


dal: air effects no alteration on its cryſtals. It diſ- 
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water on various metallic ſubſtances, chiefly on zing 


iron, copper, &c. 
Bergman has repreſented its | affinicies os follow. 


ing order; lime, barytes, magneſia, potaſh, ſoda, an, ( 
moniac. M. de Breſſey of Dijon has an account d nan 
its affinities ſomewhat different from this. According fi 
to him, barytes holds the firf place, lime the ſecond, wha 
and magneſia the third; the alkalis follow after the: * 
It appears from the reſearches of both, that this acii WW d 
preſers the three alkaline earths to the alkalis then WW Cart 
ſelves. perir 
The uſes of the acid of lemon are various. Wit meta 
water and ſugar, it compoſes a very pleaſant drink, WW gent 
known by the name of /emonade. It is uſed in mei- cave 
cine as cooling, temperating, antiſeptic, antiſcorbutic, WW the 2 
diuretic; it is eſpecially efficacious in correcting the et 
acridity of the bile. It is ſometimes applied as a gente WW fore c 
eſcharotic to ſcorbutic ulcers, eruptions of the itch, , ha; 
ſpots on the ſkin. When concentrated by the proc lead 
of M. Georgius, or that of M. Dubuiſſon, it may be put WW nut. g: 
up for long voyages by ſea; and it js found of gτπ¹Üj cf an 
utility on ſuch occaſions. Dijon 
tingui 

| to be 

5 II. Of the Gallic Acid. de pre 

a olutio 


WE give the name of gallic acid to that which is & 
tracted from the nut-gall, which grows on oaks in ca 
ſequence of the puncture of an inſet. This acids + 
nerally found, either in a greater or a ſmaller quantity 
in all ſour or aſtringent vegetable ſubſtances : Such as 
oak, aſh, willow, and the barks of theſe trees, quinquim 

1 ſumarout 
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cmarouba, pomegranate, ſumac, tormentillo, the cypreſs. 
nut, the ſtalk and leaves of the marſh iris, of the ſtraw. 
terry ſhrub, of the water. lily, &c. 

Chemiſts formerly diſtinguiſhed this matter by the 
name of the a/tringent principle: and all that they knew 
ng of it was, that it poſſeſſed excluſively the property by 
nd, WW which its character was very diſtinctly marked, of pro- 
el: Lducing black precipitates in ſolutions of iron in acids, 
iind thus making ink. Meſſrs Macquer, Monnet, Lewis, 
em. Cartheuſer, and Goanetti, ſought to determine by ex- 

periments, in what manner this principle acts upon the 
ih metal. M. Monnet remarked, that nut-gall and aſtrin- 
gent vegetable juices ated immediately on iron, and 
gare it a black colour. M. Gioanneti obſerved, that 
the atramentarious precipitate, or feculum, was not ſub- 
jet to the attraction of the magnet, and that iron there- 
fore did not exiſt in the precipitate in a metallic ſtate, 
as had been before thought. Theſe obſervations might 
lead to the concluſion, that the aſtringent principle of 
nut- gall muſt be an acid, or at leaſt performed the part 
f an acid in chemical operations. The Academicians of 
Dion were, however, the firſt after theſe writers who diſ- 
inguiſhed, in their experiments, the aſtringent principle 
o be an acid. Theſe philoſophers have ſhown, 1. That 
tie products of diſtilled nut-gall become black with the 
ſolution of ſulphate of iron. 2. That an ounce of this 
ſubſtance communicates to cold water a tinQure, from 
much 3: drachms of extract are obtained by evapo- 
ation, 3. That this infuſion reddens turnſol and blue 
per. 4. That the ſame principle is ſoluble in oils, 
pcotol, and æther. $5. That acids diſſolve without al- 
07 it, and without depriving it of the property of 


Q 2 producing 
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producing a black precipitate, of iron. 6. Thar its f; 
lution in water precipitates alkaline ſulphures. 5. Jhy 
it entirely decompoſes all ſolutions of metals, and com 
municates a colour to the oxides by combining vit 
them. 8. Laſtly, That it directly diffolves iron, and pr, 
cipitates ſilver and gold, after ſeparating them fron 
their ſolvents. 

Such are the important facts concerning this ſul, 
ſtance, which have been communicated to the wal 
by the Academicians of Dijon. Several of them hu 
indeed been before obſerved by different chem pur 
but none had before aſcertained the acidity of the cu phat: 
. 7:20 black 

Since they communicated theſe abſerediltiagi to the ture 
world, Scheele has not only obſerved; that all four, und! 
ſtringent plants exhibit marks of acidity, but has di leave 
vered and deſcribed a proceſs for obtaining this *] ben 
table acid pure and cryſtallized. ved ir 

Upon a pound of nut-gall in powder, pour fix pom moth 
of diftilled water; leave this mixture to macerate mall 
the ſpace of fifteen days, in the temperature of frauffiſ<rops 


16 to 20 degrees; then filtrate the liquor, and put ti enou 
a ſtone pot, or a large capſule of glaſs ; ſuffer it to mall | 
porate ſlowly in the air; a mouldineſs, and a thick u ¶ lie 
ſcemingly glutinous pellicle is then formed upon e The 


mucilaginous flakes are firſt precipitated in great abt uſſoly, 
dance; the ſolution has no longer a very aſtringt d fol 
taſte, but is more ſenſibly acid than before. Af! enſible 
has been two or three months expoſed to the air, tif actor 
is obſerved on the ſides of the veſſels, and adheringl ufhicier 
them, a brown plate, covered with granulated cri. it 


ſparkling, and of a yellowiſh grey colour : the W veight. 
cn 
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cryſtals exiſt likewiſe in great abundance on the under 
(de of the thick pellicle which covers the liquor: the 
liquor muſt now be decanted off; and hot alcohol is 
poured on the flaky ſediment, the pellicle, and the cry- 
ſalline cruſt : this ſolvent takes up all the cryſtallized 
alt, but affects not the mucilage. This ſpirituous ſolu- 
tion is then evaporated, and the gallic acid is obtained 
from it pure, in ſmall granulated cryſtals, of a grey co- 
ror Jour, inclining a little to yellow, and brilliant. 

hal The gallic acid thus purified has a taſte ſomewhat 
four and aſtringent. It produces in ſolutions of ſul- 
phate, and of other ſalts, of iron, a very fine and brilliant 
black precipitate : it gives a high red colour to the tinc- 
ture of turnſol ; when heated in contact with air, it ſwells 
and kindles, diffuſing an agreeable enough ſmell, and 
leaves a coal, the incineration of which is very difficult : 
when diſtilled by a moderate fire, a part of it is diſſol- 
red in the water of its cryſtals, and aſcends in that ſtate ; 
another part is ſublimed, without being decompoſed in 
ſmall ſilky cryſtals ; a ſtrong fire ſeparates from it ſome 
drops of oil, carbonic acid gas, and carbonated hydro- 
genous gas, Nut-gall, when diſtilled entire, affords a 
mall portion of concrete ſalt, reſembling the ſublimated 
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0 
|; allic acid. 
on The gallic acid requires 24 parts of cold water to 


lilolve it; of boiling water only three parts. Repeat- 
d ſolution and cryſtallization do not whiten it in a 
enſible manner. Alcohol diſſolves it much more ef- 
actouſly : four parts of this liquid, when cold, are 
uficient to diſſolve one of gallic acid; when boil- 
bg, it diſſolves a quantity of the acid equal to itſelf in 
weight, 
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This acid diſengages the carbonic acid from earthy 
and alkaline baſes, when its action is aſſiſted by 
heat. PRs 

With barytes, magneſia, and lime, it forms falts fc. 
luble in water, and eſpecially when there is an exceſ of 
the baſe. Potaſh, ſoda, and ammoniac, combine very 
readily with it, forming gallates, the properties of which 
are hitherto unknown. The nitric converts the galli 
into oxalic acid. | 

The gallic acid precipitates gold in a brown powder, 
and cauſes a part of the metal to appear on the ſurface 
of its ſolution in a brilliant metallic pellicle. In the ſo- 
lation of filver it produces a brown precipitate ; and 
foon after the precipitation, a plate of reduced filver 
appears on the ſurface of the hquor. From mercury 
it produces an orange yellow precipitate ; from copper 
a brown precipitate ; from iron a deautiful gliſteriny 
black precipitate ; from biſmuth a citron yellow preci 
pitate, Solutions of platina, zinc, tin, cobalt, and man. 
ganeſe, ſuffer no alteration from this acid. 

Such are the properties which Scheele allows to the 
gallic acid prepared by his proceſs. They are ſufficient 
to entitle it to the character of a peculiar acid, diſtind 
from all others. Its intimate nature, and the proportion 
of its principles, have not yet been aſcertained. M. & 
Morveau obtained from it a refin which he thinks to br 
the acidifiable baſe ; by the union of which with ox: 
gene the acid is formed. | 

The uſe of nut-gall for dyeing black is well enougt 
known: we ſhall only add to what we have alread 


faid of it in the artic!e of iron, that when the pure gt 
, I 
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ge acid is uſed in the preparation of ink, the ink 
is very beautiful, and very black; and remains long uns 


altered; 


5 III: Of the Malic Acid, or the Acid of Apples. 


WE give the name of malic acid to a peculiar vege: 
fable acid which Scheele extracted from the juice of 
various fruits, and of which he found apples to contain 


z conſiderable quantity. 
This acid is obtained by ſqueezing the idice from 


ſour apples, ſaturating it with potaſn, and mixing the 
liquor with a ſolution of acetite, or ſugar of lead. A 
double decompoſition is thus effected; the acetous acid 
combines with the potaſh, and the malic with the oxide 
of lead; the malate of lead is precipitated ; that precipi- 
tate is waſhed 3 and, on its being treated with ſulphuric 
acid, ſulphate of lead is produced, and the malic acid 
ſwims above. A ſufficient quantity of ſulphuric acid 
mult be poured in to diſſolve all the malate of lead 
which, when it takes place, will be known from the 
alte of the ſupernatant liquor. 

The following are the properties of this acid. It can- 
not be obtained in a concrete form; with the* three 
alkalis, it forms deliqueſcent neutral ſalts 5 with lime, it 
produces a ſalt that affords ſmall irregular eryſtals, ſo- 
luble in boiling water, in vinegar, and in the malic acid 
elf; with aluminous earth; a ſalt that is ſcarce ſoluble; 
vith magneſia, a deliquieſcent ſalt; It diſſolves iron, 
and the folation is brown, and not ſuſceptible of cryſtal: 
lation; it diflolves zinc readily, and produces with it 
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a'falt in very beautiful cryſtals : the nitrie acid changy 
it into oxalic acid; it precipitates nitrate of mercury, 
lead, ſilver, and gold, in a metallic ſtate : calcaregy 
malate decompoſes ammoniacal citrate, forming, in con, 
fequence of the decompofition calcareons citrate, ng 
foluble' in boiling water or in vegetable acids. The 
ſolution of calcareous malate in water is precipitated 
by alcohol ; laſtly, The malic acid is fpeedily deſtroy. 
ed by fire, which changes it into carbonic acid: the 
carbonic acid, thus formed, faturates in part the baſz 
of the malates decompoſed by heat. Such are the pro. 

perties which form the peculiar character of this acid. 
Scheele found it almoſt pure, or mixed with a linie 
eitric acid, in the juice of apples, of the barberry, af 
alder twigs, of the floe-thorn, of the ſorb-tree, and a 
the plum-tree ; in gooſeberries, cherries, ſtrawberrig, 
raſpberries, &c. Laſtly, He obtained it from fugar by 
the nitric acid; and M. de Morveau remarks, that the 

malic acid ſhows itſelf in this caſe before the oxalic. 
When ſour fruits contain both citric and malic acid, 
the following is Scheele's proceſs for ſeparating then, 
in order to obtain the latter pure. The juice of goole 
berries ſaturated with chalk, affords calcerous citrate, 
which, being inſoluble, is precipitated; the ſupernatat! 
tiquor holds in ſolution the calcareous malate, which i 
ſeparated by alcohol; but as it is ſtill in union with: 
mucilage, Scheele has had recourſe to another means 
for obtaining it pure. He evaporated the juice of goole 
berries to the coaſiſtency of ſyrup ; upon this ſyrup bt 
poured alcohol, which diffolved the acids without af 
ing the mucilage ; he then filtrated the ſolution to ſ: 
parate the mucilage ; after the filtration of the liquor, it 
evaporated 

} | 
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te eraporated the alcohol; the acids he ſaturated with 
alk. The citric acid uniting with the chalk, was of 
conſequence depoſited in calcareous citrate,z and the 
-alcareous malate remained in ſolution. A new addition 
of alcohol precipitated it from the liquor; and Scheele 
then obtained the malic acid by diſſolving this falt in 
vater, precipitating the ſolution by acetite of lead, and 
decompoſing the malate of lead by the ſulphuric acid; 
the malic acid was then found ſeparate in the ſuperna- 
unt liquor. 


6 IV. Of the Benzoic Acid, or the Acid of Benzoin 


SINCE the days of Blaiſe de Vigenere, who wrote in 
the beginning of the laſt century, benzoin has been 
known to afford, by diſtillation, an acid falt cryſtallized 
in ſtrong ſmelling needles, of an acrid taſte, which in 
pharmacy are called flowers of benzoin. Chemiſts for- 
merly thought this to be a particular modification of a 
mineral acid; but its diſtinctive properties are now ſo 
well known, that we can no longer doubt of its being 
a peculiar vegetable acid. | 

This acid is found to exiſt in benzoin, balm of Peru 
and Tolu, ſtorax, liquidambar, and vanilla, around which 
it 1s cryſtallized. Scheele has found it likewiſe in the 
ſugar of milk and the extract of urine. It will be ſhown 
under the article of benxein, that the fimple proceſs 
wiich was formely employed to obtain it, conſiſted in 


ublimation by a moderate fire. Geoffroy diſcovered, 


n the year 1738, that it might be extracted by water, 
and that the ſaline ſubſtance was fully formed as it exiſt- 
ed in denzoin; by the ſame proceſs, I extracted it from 

Peruvian 
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Peruvian balm, ſtorax, and the huſks of vanilla, yy 


this proceſs affords only a ſmall quantity; for the regs h 

of benzoin, not mixing with the water, covers and pre. * 

ſerves a great part of the acid ſalt. ry 

Scheele, in the year 1776, gave, in the Memoirs of WW ; 

Stockholm, ſome important obſervations on the benzol fro 
acid: from ninety- fix parts of benzoin he obtained, by be 

ſublimation, between nine and ten parts of this ſublim. ſha 
ted falt which was very far from what Spielman aſſerted ed 
that he obtained. — namely, a fourth part of the benzoin q 
ſubmitted to diſtillation : it appears that the chemiſt a po! 
Straſburg had taken acid of benzoin mixed with en- nd 
pyreumatic oil for pure acid. Scheele, having reduced og 
benzoin to powder and mixed it with chalk, boiled upon WW $6: 
it a quantity of water, and then filtered the liquor, which ki 
afforded no ſalt by cooling: ſulphuric acid, poured ino WW tion 
this liquor, ſeparated the benzoic acid in powder, and WW quo 
ſhowed that acid to have been united with a baſe of WW upo 
chalk, with which it formed a neutral ſalt ſoluble in we quo! 
ter: the quantity of concrete acid, however, precipitz 5e fl 
ted by this proceſs, was not more conſiderable than that ont 
which is obtained by ſimple lixiviation. Scheele thought WW red 
that a greater quantity might be obtained by employing WW is th 
a matter capable of acting on the reſin, and facilitatin; WW cool 
the ſeparation of the ſalt. Potaſh did not ſerve his pu lu t! 
poſe ; the reſin again collected on the ſurface of the I WW form 
quor in a thick tenacious oil, on which account he cou and 
not expect the acid to be entirely ſeparated. Vier 
quicklime he was more ſucceſsful. According to hin Wl tract 
it is to be applied in the following manner: Take tou Wi that 
ounces of quicklime ; flake it with twelve ounces of vi Wi quor 
bo Ic 


ter; add eight pounds more when the ebullition cealss; 
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nix ſix ounces of this water with a pound of benzoin 
in powder 3 ; theſe ſubſtances need to be well ſtirred, in 
order that they may mix properly; pour in by degrees 
he remaining part of the lime-water ; when the lime- 
water is thus gradually poured in, it hinders the benzoin 
tom collecting into a maſs : this liquor muſt next be 
heated for half an hour hy a moderate fire, and con- 
ſantly ſtirred : it is then taken off the fire, and ſuffer- 
ed to ſettle for ſeveral hours together: the clarified li- 
quor is now decanted off; eight pounds of water are 
poured upon the reſidue ; it is boiled for half an hour, 
and then mixed with the clarified liquor before poured 
of from it ; the operation 1s finiſhed by putting the re- 
ſdue upon a filter, and pouring hot water upon it. Theſe 
lixivia are next reduced all to-two pounds by evapora- 
tion; a little refin is ſeparated : when the evaporated li- 
quor is cooled, a quantity of muriatic acid is dropped 
upon it, till it ceaſe to produce a precipitate, and the li- 
quor take a diſcernible acid taſte : the ſalt of benzoin 
is then precipitated in powder. It is to be edulcorated 
on the filter; when it is wanted in cryſtals, it is diſſol- 
red in five or ſix times its weight of boiling water; it 
is then filtrated through a cloth, and the ſolution ſlowly 
cooled; the ſalt is depoſited in oblong compreſled priſms. 
ln this proceſs the lime abſorbs the benzoic acid, and 
forms with it calcareous benzoate, which is very ſoluble ; ' 
and the reſin is ſeparated from that ſalt, which has but 
very little affinity with it. The muriatic acid which at- 
tracts lime with more force than the benzoic acid, ſeizes 
frat earth, and ſeparates the vegetable acid. The li- 
quor, when reduced to two pounds by evaporation, is 
no longer ſuflicient to maintain the acid in ſolution, and 
It 


2 i 


130 | Of the Reuscie dad 


it is therefore almoſt all depoſited. Calcareous benzoxs 
has not the ſmell of benzoin; but as ſoon as the benzon 
is ſeparated, by. the muriatic acid, it. takes that lich 
ſmell} which is peculiar to this balſamic ſubſtance, z; 
this proceſs Scheele obtained twelve or fourteen drachn, 
of benzioc acid from the pound of benzion ; Where 
ſublimation affords only nine or ten. He farther inform 
us, that the purification of this ſalt by hot water andy 


cryſtallization, cauſes a great quantity of it to be lo, þ 
and is by no means neceflary to prepare it for pharma "Up 
ceutical purpoſes. In fact, this ſalt, when properly cy; qua 
ſtallized, is very difficult to be reduced to powder; r! 
the deſign of the purification is to ſeparate only about gair 
two grains of reſin from the pound of benzoin. Laſth, T 
He remarks, that the filtration of this acid, diſſolved in ws apps 
ter, can be effected only through a linen cloth. Tie Iich 
falt being ſeparated quickly, as the liquor cools, ſtops iy MW nor 
the pores of paper, ſo that the filtration cannot take ry cf 
place. teen 
Since theſe experiments of Scheele's were made xnom chat 
to the world, M. Lichtenſtein has publiſhed in Germ. Hun 
ny ſome obſervations on the benzoic acid; in which be Ago 
aſſerts, that ſublimation affords more of this acid tia TI 
the proceſs by lime-water ; but I agree with Scheele . 1:n« 
Morveau, in thinking that this can be ſaid only of tie ert! 
puriſied acid. mon! 
The purified benzoic acid has a taſte ſomewhat fout props 
pungent, hot, and acrid; its ſmell is only a little a» feren 
matic ; it communicates an high red colour to the tine l. 1 
ture of turnſol. and 
Heat, while it volatilizes this acid, . its iel e reou:; 
amazingly, When expoſed in a ſilver ladle to the bei necet 
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rrodaced by the blow-pipe, it becomes liquid, as has 
deen obſerved by M. Lichtenſtein, and evapdrates with- 
out inflammation. When ſuffered to eool, it forms a 
@lid cruſt, which exhibits on its ſurface ſome marks of 
cryſtallization in divergent radi. It does not burn with 
game, unleſs when in contact with bodies that are burn- 
ing with a ſtrong flame. Burning coal only ſublimates 
it rapidly. | | 

Air appears to have no power of acting on this acid; 
for after being preſerved twenty years in a glaſs-veſſel, a 
quantity of it was ſtill very pure, and had loſt nothing 
of its weight: it loſes its ſmell indeed; but that it re- 
gains by heat. | : 

The benzoic acid is ſcarce ſoluble in cold water. It 
zypears from the experiments of Meſſrs Wenzel and 
Lichtenſtein, that 400 grains of cold water diſſolve no 
more than one grain of this acid ; but the ſame quanti- 
ty of boiling water difſolves twenty grains of it; nine- 
teen of which are ſeparated by cooling. Bergman ſays, 
that boiling water diſſolves one twenty-fourth of its 
own weight, and that water of a moderate temperature 
lifolves ſcarcely one five-hundredth part. 

The benzoic acid combines with all earthy and alka- 
line baſes, forming with them benzoates of aluminous 
earth, barytes, magneſia, lime, potaſh, ſoda, and am- 
moniac. We know not the particular characteriſtic 
properties of each of theſe combinations, nor the diſ- 
ferent affinities of the acid with each of theſe baſes. 
NM. Lichtenſtein aſſerts, that it prefers the fixed alkalis, 
and even ammoniac, to aluminous, magneſian, or calca- 
reous earth; but a great many more experiments are 
ncceſſary to determine exactly the order of theſe affini- 

ties: 
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ties: And theſe are the more neceſſary, becauſe Ber 
man has. given a different account of them. Ac, 
ding to him, lime ſeparates the alkaline baſes, and bary, 
ſeparates lime: it diſengages carbonic acid from all d 
theſe bales. 

The concentrated ſulphuric acid diſſolves it eaſily wit. 
out either noiſe or heat, according to the ſame chemik 
but paſſes, in conſequence of effecting this ſolution, int 
the ſtate of ſulphureous acid ; the benzoic acid may be 
ſeparated from it unaltered by water. 

The nitric acid likewiſes diſſolves it, and gives it yy 
in the ſame manner to water without alteration. M. 
de Morveau has cauſed theſe two bodies to re- act on each 
other with additional force by the application of hex, 
The nitrous gas was not diſengaged till the end of the 
operation; and the benzoic acid was ſeparated without 
loſs, and without alteration. M. Hermſtadt, however, 
ſays, that when the concentrated nitrous acid is en. 
ployed, the benzoic acid becomes fluid, and more fuel 
in its nature, and aſſumes the characteriſtics of the tar- 
tareous or oxalic acid: but new reſearches are neceſlary 
to eſtabliſh the truth of this reſult, to which little conh- 
dence can at preſent be given. That which appears 0 
be moſt certain concerning this acid is, that it differs in 
its nature and properties from all other vegetable acids 
and retains in it an eſſential oil, to which it owes in 
' Mmell, volatility, combuſtibility, and ſolubility, in ale. 
hol, 


CHAP 


CHAP, v. 


Of Tegetable Acids, partly ſaturated with Potaſh, and 
of the ſame Acids pur. 


2 the fourth chapter, we mentioned a particular claſs 
of vegetable acids; which, we ſaid, were in part 
combined with potaſh. We know of two acids of this 
character, the acid of tartar, and the acid of ſorrel. We 
eall theſe acids which are partly neutralized, acidulz ; 
the one is the tartareous, the other the oxalic, 


$ I. Of the Tartareous Acidula, or Tartar, and of 
| the pure Tartareous Acid. 


THE tartar fold in the ſhops is an eſſential acid ſalt, 
combined with a portion of potaſh and of oil, which is 
depoſited on the ſides of hogſheads containing wine, du. 
ring the inſenſible fermentation of the wine. It is not, 
i ſome chemiſts have thought, a produtt of vinous ter, 

mentation 


256 Of the Tartareous Acidula. 


mentation ; for Rouelle the younger has found it full 
formed in muſt and in verjuice. Many other chemij; 
have ſince found it fully formed in various fruits, 

It is in the form of irregular plates arranged in ſtrat, 
often full of brilliant cryſtals, and of an acid vinoy 
taſte. It is diſtinguiſhed into white and red tartar, 
the latter of which differs from the former only in con. 
taining a greater quantity of colouring extractive may 
ft ST 

Crude tartar, when expoſed to fire in cloſe veſſels 
affords a reddiſh acid phlegm, an oil that is at firſt light, 
but afterwards ponderous, coloured, and empyreumatic, 
a little ammoniac, and a great quantity of carbonic 
acid, which Hales, Boerhaave, and many other chemi; 
have taken for air. There remains a coal which con- 
tains a good deal of carbonate of potaſh, and is eaſil 
incinerated. By the combuſtion and incineration d 
tartar, fixed alkali is obtained in a ſtate of confiderabl 
purity, For this end, the tartar reduced to powder i 
put into rolls of paper ſteeped in water ; they are the 
put into a furnace between two layers of coal ; the coal 
is kindled, and the tartar is then burnt and calcined 
when the fire 1s extinguiſhed, the rolls are taken out, 
and are found to retain their form; the matter which 
they contain is lixiviated with cold diſtilled water: Tis 
lixivium is filtered, and evaporated to a pellicle; it i 
ſuſfered to cool, in order to ſeparate from it the ſulphate 
of potaſh, which is formed by reſt; the water is decant 
ed from above this ſalt, and it is evaporated and cryſtal 
lized anew, till it ceaſe to yield ſulphate of potaſh; it i 
| then evaporated to dryneſs, and by this means allors 
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potaſh, partly cauſtic, and partly combined with carbonic 
acid. | 

It is very difficult to diffolve tartar in water; for an 
ounce of water, 1o degrees above the freezing point, 
difolves only four grains of tartar, As it contains a 
Jod deal of oily colouring matter, it is purified by 
ſolution and cryſtallization at Aniaen and Calviſſon, in 
the neighbourhood of Montpelier. Doctor Fizes fa- 
youred the public with an account of this purifica- 
tion, in a Memoir'printed among the Memoirs of the 
Academy for the year 1725. 

The tartar is boiled in water ; the boiling ſolution is 
trated ; as it cools it becomes turbid, and depoſites 
uregular cryſtals, which form a paſte. This paſte is 
boiled in copper veſlels with water, in which there is a 


eally N visture of clayey earth, which comes from the village 
on. of Wet Merviel, two leagues diſtant from Montpelier. A 
nabe roch gathers on the ſurface of the liquor, which is care- 
der i5 e ſkimmed off, and is ſucceeded by a ſaline pellicle. 


[he fire is then abated ; and the pellicle being broken, 
uxes with the cryſtals which are precipitated from 
be ſolution: theſe cryſtals are waſhed with water, to 
urity them entirely from a mixture of earth, with 
ſuch they are contaminated, and fold under the name 
t cream or cryſtals of tartar ; the only difference be- 
ren the cream and the cryſtals being, that the cream 
cryſtallized on the ſurface, whereas the cryſtals are 
polited at the bottom of the liquor. The white clay 


| it u 
phate 
ecan's 


ryltal- ears to ſerve the purpoſe of ſeparating from the tar- 
it i r the ſuperfluous oily and extractive matter which it 
ford tains, 
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At Venice, tartar is purified in a way ſomewhat gt 
ferent from this, according to M. Deſmaret's accouy 
The falt is reduced to powder, and diſſolved in boiliy 
water; it is ſuffered to depoſite any impure maten 
which it contains; and theſe are carefully taken oy: 
the liquor then affords cryſtals by reſt and cooling, 
Theſe cryſtals are again diſſolved in water, which is 4 
| Poſed to a gentle heat: when this new ſolution is hex, 
ed to ebullition, beaten whites of eggs and aſhes, yr, 
viouſly paſſed through a ſieve, are put into it. Thy 
mixture of aſhes is repeated 14 or 15 times; the ſon 
produced by the efferveſcence of the liquor is taken ; 
and it is then ſuffered to ſettle. A pretty white pellice 
and ſaline cryſtals of the ſame colour, are ſoon forme: 
the water is then decanted off, and the ſalt dried. } 
this method the nature of the tartareous acidulum is 
ſome degree altered, and a part of it 4s changed int 
tartarite of potaſh. The cream of tartar, or purified tu 
tar of Montpelier, muſt be the ſubje& of our exam 
tion, in order that we may underſtand the nature oft 
pure tartareous acidulum. 

The tartareous acidulum, when very pure, is cryll 
lized, but in an irregular manner. Its taſte is for 
and not ſo vinous as that of crude tartar. When it 
put on a burning coal, it diffuſes a good deal of (me 
of a pungent empyreumatic ſmell ; and becomes bi 
and carbonaceous. When this ſubſtance is ſubmitt 
to diſtillation in an earthen retort, with a balloon t 
minating in a tube, entering a bell-glaſs full of wit 
it affords, if the fire be gradually applied to it, a phi 
which is at firſt a little coloured, and ſomewhat a 
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there paſſes after this an acid which is ſtronger and of | 
1 deeper colour; an oil which by degrees acquires co- 
bur and conſiſtency, and has an empyreumatic ſmell ; 
.mmoniacal carbonate ; and a large quantity of carbo- 
nic acid, In the retort, there remains a good deal of 
coal, which, when lixiviated without incineration, affords 
z large proportion of potaſh. All of theſe products may 
he rectified by a new diſtillation at a moderate fire. The 
plegm paſles almoſt colourleſs; the oil, by this recti- 
fication, becomes very white and volatile; the ammoniac 
is in part combined with the acid, and can only be ob- 
tained ſeparate and pure by diſtilling the laſt portions 
of the phlegm with an addition of potaſh. With reſpect 
to the coal, the potaſh which it contains is not produced 
in the courſe of the operation, as has been thought by 
ſome chemiſts not well acquainted with the nature of 
cream of tartar ; but exiſts in it ready formed before 
the operation. The production of the ammoniac is 
owing to the re- action of this alkali on the oil. A 
ſtill greater quantity of the volatile ſalt may be obtain- 
ed by diſtilling the oil obtained from the tartareous 
zeidulum upon the coal which it leaves, when analyſed 
in the retort. The proximate cauſe of the formation 
of the ammoniac is the combination of the azote of 
the potaſh with the hydrogene diſengaged from the 
oil, 

The tartareous acidulum ſuffers no alteration from 
ur, It diffolves in twenty-eight parts of boiling water, 
and cryſtallizes by cooling, but in a very confuſed man- 
ner, There is a certain quantity of earth ſeparated 
from the ſolution of this ſalt, which, no doubt, is a part 
df the earth that was employed to purify it. This ſo- 
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lution reddens the tincture of turnſol, and has an x4 1 
taſte. When left expoſed to the air, it becomes turbid, 50 
and, after ſome time, depoſites mucilaginous flake;: 


the acid is then decompoled, and the liquor is, after " 
this, found to contain nothing but carbonate of pota, 
M. de Machy was the firſt who obſerved this decomps. 10 
ſition. Meſſrs Spielman and Corvinus likewiſe attend, 7 
ed to it; but M. Berthollet has obſerved it with fil oy 
greater accuracy than any former philoſopher. He ha = 
obſerved, that two ounces of tartareous acidulum te. * 
quire eighteen months before they can be entirely d ... 
compoſed ; that theſe two ounces will afford, in tha fu 
time, fix and a half drachms of carbonate of pot, n 
{till oily, and mixed with a ſmall quantity of carbon. de 
ceous matter; and that, therefore, the quantity of alkali il n 
obtained by this means from the tartareous acidulum i M 
preciſely the ſame which it would afford by combuſtia * 
and calcination. The alkaline reſidue which remains = 
aſter the diſtillation of this acidulum, and this ſpontz- 101 
neous decompoſition, prove, therefore, that it contains wit 
a proportion of potaſh, nearly equal to one-fourth of in WW con 
weight. | neu 
We know nothing of the action of ſiliceous, and WW if 
ry little of the action of alpminous earth, and barytes c lar 
the tartareous acidulum. The chemiſts of the Academy rho! 
of Dijon have obſerved, that magneſia forms with thi T 
acidulum a ſoluble ſalt, liable to be decompoſed by fe 
ed alkali ; the ſolution of which affords, by evaporation WW pota 
in the open air, ſmall priſmatic radiated cryſtals. Whea livel 
expoſed to fire, this tartarited magneſia emits bubble, of th 
and is converted into a light coal. M. Poulletier de Ake 
Salle obtained from this combination, a gelatinous mal, kur 
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acid perſectly like a mucilage. Theſe phænomena depend 
dic bn the particular ſtate of the tartareous acidulum, 
akes 


which is in part ſaturated in this acidulated vegetable 
acid. ASE 

A number of chemiſts have given very good deſcrip- 
ons of the manner in which lime and chalk affect the 
urtareous acidulum. When chalk is caſt into a ſolu- 
non of this acidulum, an efferveſcence takes place, o W. 
ing to the diſengagement of the carbonic acid, and a 
yery copions precipitate is formed; the precipitate is a 
combination of lime with the tartareous acidulum. The 
ſupernatant liquor contains a neutral ſalt ready formed 
in the acidulum, or cream of tartar, which conſiſts of 
the pure acid in union with potaſh : This ſalt, as we 
will hereafter ſee, has been improperly called ſoluble tar- 
ter, We are indebted to Rouelle the younger for this 
malyſis of the tartareous acidulum by chalk. It proves, 
1. That this ſubſtance conſiſts of an exceſs of oily 
zeid, and a certain quantity of the ſame acid, united 
with potaſh in the ſtate of a neutral ſalt. 2. That the 
combination of the tartareous acid with lime, forms a 
neutral ſalt, which is ſcarcely ſoluble. M. Prouſt has 
diſcovered, that calcareous tartarite, diſtilled in a retort, 
leaves a refidue that takes fire in the air like the pyro- 
rhorus. 

The tartareous acidulum very readily combines with 
the different alkalis. Put into a ſolution of carbonate of 
potaſh a quantity of tartareous acidulum in powder; a 
ively efferveſcence is produced by the diſengagement 
of the. carbonic acid: let acidulum be added till the 
akali be ſaturated ; after boiling this liquor for half an 
hour, filtrate it, evaporate the filtrated liquor to a pel- 
R 3 
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licle, and ſuffer it to cool ſlowly ; oblong ſquare cryſtals, 
terminating ſlopewiſe at two of their extremities, vil 
be formed. This ſalt has been called vegetable ſah, þ 
luble tartar, tartarized tartar ; but it ought to be called 
tartarite 'of potaſh. Its taſte is bitter; when expoſed 1 
a ſtrong heat, it becomes carbonaceous : it may be de. 
compoſed in a retort ; and it then affords an acid phlegn, 
oil, a good deal of carbonic acid, and a little ammo. 
niacal carbonate. It attracts, in ſome degree, the mai. 
ſture of the atmoſphere. It diſſolves in four parts «f 
water heated to the temperature of 40%. This ſolution 
is decompoſed of itſelf in a few months; and it then 
teaves tartareous acidulum in combination with carbonic 
acid. The mineral acids decompoſe it, and precipitate 
the tartareous acidulum. It is alſo decompoſed by mol 
metallic ſolutions. | 
The tartareous acidulum, combined with ſoda, form; 
the ſalt Seignetie, who was an apothecary of Rochelle, 
and the firſt that made up this combination: we give 
it the name of tartarite of ſoda. To prepare it, put 20 
ounces of the acidulum of tartar into four pounds of 
boiling water; add by degrees very pure cryltallizel 
carbonate of ſoda, fill the acidulum be ſaturated ; that 
is, till the addition of the alkaline falt no longer pro 
duce any efferveſcence. This combination renders the 
tartareous acidulum ſoluble. Evaporate the liquor al 
moſt to the conſiſtency of fyrup; and you then obtain 
from it, by cooling, very beautiful and regular cryſtals 
often of a conſiderable ſize. Theſe are priſms with fi, 
eight, or ten, unequal ſides, with their extremities trut- 
cated at right angles. Theſe priſms are generally d- 


vided longitudinally into two; and the baſe on whit 
2 | they 
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they ſtand is marked with two diagonal lines, which 
goss each other ſo as to divide it into four triangles. 
Tartarite of ſoda, which was at firſt ſold as a ſecret, 
and which was diſcovered at the ſame time by both 
Boulduc and Geoffroy in the year 1731, has a bitter 
be de. ate. It is decompoſable by fire, like tartarite of potaſh ; 
leen, WW it efloreſces in the air, on account of its containing a 
mm- good deal of water in its cryſtals : it is almoſt as ſoluble 
- mo. WH: tartarite of potaſh ; and is, like it, decompoſable by air, 
arts of WH by mineral acids, and by metallic ſolutions: The mo- 
tution WW ther-water of this ſalt contains that portion of tartarite 
t then ot potaſh which entered into the compoſition of the 
rbonic WW tartarcous acidulum. 
ipitate Ammoniac forms with the acidulum of tartar an am- 
mot WY moniacal tartarite, which cryſtallizes very well by eva- 
poration and cooling. Bucquet fays, that its ctyſtals are 
form: WW thombaidal pyramids. Macquer ſaw ſome of them in 
chelle, large priſms, of four, five, or ſix ſides; others ſwelled 
e give in the middle, and terminating in very acute points; 
ut 20 end the Academicians of Dijon obtained this ſalt in pa- 
nds of rallelopipeds, with two alternate ſloping fides. This 
llizel alt, ammoniacal tartarite, has a freſh taſte, and is de- 
; that compoſable by fire: it effloreſces in the air; it is more 
r pro- bluble in hot than in cold water; and it cryſtallizes by 
rs the cooling: lime and the fixed alkalis diſengage the am- 
or al- oniac; the contact of air, mineral acids, and metallic 
obrain N lutions, decompoſe it. It appears, that when this ſalt 
yitals, is prepared, the tartarite of potaſh, which, in union with 
be tartareous acid, conſtituted the acidulum, or cream of 
tar, remains in the mother. water. 
Pott and Margraff have treated the tartareous acidu- 
um with mineral acids; ; and the latter obtained neutral 
R 4 ſalts, 
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falts, the ſame with thoſe which the ſame acids ſorm Th 
with potaſh : from which he has interred, that potah yea 
exiſts ready formed in the acidulum.. Rovelle dhe n 
younger, who. proſecuted a ſimilar train of experiment, the 
obtained the ſame: reſults. On throwing a pound di forc 
concentrated ſulphuric acid on an equal weight of tx. con 
tareous acidulum in a very fine powder, the mixture fan 
becomes hot; the reciprocal action of the two ſubſtance; 1 
may be promoted by the heat of a balneum marie, au Wl yit! 
by ſtirring them with a ſpatula of glaſs : let the heat be WW «xp 
continued for ten or twelve hours; the mixture vil {at 
then become thick like a jelly: then pour upon it two WW lu 
or three ounces of boiling diſtilled water, to render g. 
fluid; and leave it on the balneum-marie for about two hor: 
hours; then take off the fire, and add three pints of WW x pa 
boiling diſtilled water: the ſolution is now coloured Wi of t 
and opaque ; it contains naked ſulphuric acid, a portion T 
ol tartareous acidulum, not decompoſed, and. ſulphate WW unit 
of potaſh. Saturate the exceſs of ſulphuric acid with dane 
chalk; a precipitate of ſulphate of lime, with a ſmall cher 
portion of tartareous acidulum, is then produced: fil com 
trate the mixture, and evaporate the filtrated liquor; hall 
it now affords fo much tartareous acidulum and ſulphate ¶ com 
of lime, that it is reduced to eighteen or twenty ounces. Wibeca 


It is next decanted and evaporated anew; and it ab 
fords, by reſt, cryſtals of ſulphate of potaſh; whici 
may be thus obtained by repeated evaporation and cry 
ſtallization, till the whole ſolution be exhauſted. Thus 
ſalt is always mixed with a little of the tartareous ac 
dulum, and it burns upon red iron; but when lixiviated 
with a ſufficient quantity of diſtilled water, it is diflolved, 


and the acidulum remains on the bottom of the veſſel 
2 Thi 
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forn This proceſs has been deſcribed, and ſucceſsfully re- 

otah peated, by M. Bemiard, after Rouelle. 

the The nitric and the muriatic acids, when treated in 

ent, the lame manner with the tartareous acidulum, af- 

ad of bord nitrate and muriate of potaſh-; which proves in- 
fm. controvertibly the exiſtence of f in that ſub - f 
ture lance. | & 1 
aces The tartareous acidulum acquires ; ſolubility by union | 
„ich borax and the boracic acid. According to the 1 | 
at be experiments of M. de Laſſone, one part of the latter | 5 
> will n will render four parts of the tartareous acidulum 1 
two oluble. This mixed ſolution affords, by evaporation, 1 
ler it : greeniſh gummy. ſalt, which is very acid. Common 


horax, when added to the tartareous acidulum, converts 
Apart of the acid into tartarite of ſoda, in * | 
of the ſoda which it contains. 


nion The tartareous acidulum appears to be caxable of 
phate i uniting, without decompoſition, with moſt metallic ſub- 
with WWW ttances ; as has been ſhown by M. Monnet, and the 


chemiſts of the Academy of Dijon. But as all of theſe . 
combinations. have been but- very little examined,. we 
ſhall here ſpeak only of thoſe in which the acidulum is 


phate WW combined with antimony, mercury, lead, and iron; 
nces. Wi becauſe theſe compounds are better known, and are 
it 1. WFnoſtly employed in medicine. 5 

chic The combination of the tartareous acidulum with 


untimony bears the name of /tibiated, or antimoniated 
ariar, It conſiſts of tartarite of antimony and potaſh. 
it is one of the moſt valuable medicines which che- 
ultry can ſupply, we muſt examine its properties with 
are. Since the time of Adrian, who firſt made it known 
o the world in the year 1631, the method of preparing 

it 
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it has been much varied. All the pharmacopcir, ,; 
well as the works of chemiſts, differ, either in reſpect ty 
the antimonial ſubſtances to be employed in this Prepa- 
ration, or in reſpect to the proportions in which theſe, 
the water, and the tartareous acidulum, are to be mix. 
ed; or, laſtly, in reſpect to the proceſs by which theſe 
ſubſtances are to be united in ſtibiated tartar: In Berg. 
man's Diſſertation on this medicine, there is an excellent 
table of the various proceſſes which have been given 
for the preparation of tartarite of antimony. The ſub. 
limated vitreous white oxide, the brown, and 
orange-coloured oxides of antimony, have been ſucceſ. 
ſively recommended for this purpoſe. Some have di. 
reed to boil theſe ſubſtances with the tartareous acidy- 
lum, and a greater ot a leſs proportion of water, for ten 
or twelve hours; others think half an hour's boiling ſuf. 
ficient : laſtly, ſome writers prefer the evaporation of the 
filtrated lixivium to dryneſs 3 while others would have 
it to be cryſtallized, and only the cryſtals uſed in medi: 
cine. From theſe various modes of preparation, it hap- 
pens, that tartarite of antimony can ſcarce ever be pu. 
chaſed twice preciſely of the ſame ſtrength and nature] 
and its eſſects can never be depended upon. Geoffroy, 
who had examined ſeveral forts of fibiated tartar of di NMiate 
ferent degrees of ſtrength, found by analyſis, that the | 
weakeſt ftibiated tartar contains in the ounce ſtrom thirty 
grains to a dram and eighteen grains of oxide of ant. 
mony : that which is moderately emetic, a dram and 3 
half; and that which acts with moſt energy, no leſs that ie © 
two drams and ten grains. The vitreous oxide of ant: 
mony 
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nony has been preferred to other antimonial ſubſtances 
for this preparation; becauſe it diſſolves eaſily by the 
\cidulum of tartar: but this metallic glaſs may happen 
o be more or leſs oxidated: and according as it is more 
or leſs oxidated, it will be more or leſs emetic. How- 
ever, a tranſparent vitreous oxide of antimony, leviga- 
ied, and boiled in water with an equal quantity of tar- 
ureous acidulum, till the latter be completely ſaturated, 
then filtrated and evaporated by a moderate heat, affords, 
by reſt and cooling, cryſtals of antimoniated tartarite; 
the ellects of which, as emetics, may be ſafely depended 
upon. Decant the liquor, evaporate it, and you obtain 
by ſucceſſive evaporation a new quantity of cryſtals. The 
mother-water contains ſulphur and tartarite of potaſh, 
ith a certain quantity of antimoniated alkaline ful- 
phure, When the mixture of tartareous acidulum, 
treous oxide of antimony, and water, which were 
oiled for the preparation of antimoniated tartarite, is 
trated, there remains on the filter a ſeemingly ge- 
tinous, yellow, or brown matter, of which Rouelle 
as taken notice. According to M. Prouſt, this jelly, 
hen diſtilled, affords a very inflammable pyrophorus. 
Macquer has propoſed the uſe of white oxide, preci- 
tated from muriate of antimony by water, inſtead of 
he vitreous oxide of antimony. This oxide is a vio- 
nt emetic ; and Macquer thought it conſtant in its 
fects. Bergman has adopted Macquer's opinion; 
ad in the laboratory of the Academy of Dijon, tarta- 
te of antimony has been ſince prepared, according 
o the method of that chemiſt and M. de Laſſone. 
is preparation has been very ſucceſsfully employed : 
de requiſite doſe is three grains; and this quantity 
| does 


ture} 
ffroy, 
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does not affect the ſtomach or the inteſtines too yi 
lently. 

Tartarite of antimony cryſtallizes in trihædral pz 
mids. It is very tranſparent; it is decompoſed, and ren. 
dered carbonaceous by fire; in the air, it effloreſce, 
takes a dead white coldur, and becomes farinaceoy: 
It diſſolves in ſixty parts of cold water, and in a much 
ſmaller proportion of boiling water; it cryſtallizes by 
cooling; alkalis and lime decompoſe it. Calcareous end 


and pure water in a large proportion, are capable of d: 1 
compoſing it; and it ſhould” therefore be adminiſters Wi "P* 
only in diftilled water: Alkaline fulphures, and fulphu. de 
rated hydrogenous gas, produce in its ſolution a pred '*"! 
pitate of a red powder; which is a kind of ſulphurate f 
oxide of antimony ; and may be employed to aſcertain exlit 
the preſence of this ſalt in any liquor with which it my” or 
happen to be mixed. tron ſeizes the tartareous acid, preſe 
and ſeparates the oxide of antimony : ſtibiated tarts, 00 
therefore, ſhould not be prepared in iron veſſels.” 1'”"* 
Hurande, a phyſician and profeſſor at Dijon, has pro- 
ſed, that this medicine ſhould be publicly prepared by caret 
one uniform proceſs, in the fame manner as theria Jr 
Such a method could not but be very advantageous; 
the phyſicians might then all depend on the effect d 
this medicine: It appears that tartarite of antimony 
contains that portion of tartarite of potaſh which ena @ 
ed into the compoſition of the tartareous acidulum; 1 
and is therefore a ſort of triple ſalt. The tartareow dt 
acid may be combined with mercury in two ways. Tit * 
one, which is mentioned by M. Monnet, conſiſts 1 - 


diffolving in boiling water fix parts of the tartareol 


acidulum with one part of oxide of mereury, precy 
tar 


1 


=. | 
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ated from the nitric acid by carbonate of potaſh. This 


by liquor, by filtration and evaporation, afforded him cry: 
irs tals, which were decompoſed by pure water. The ſe- 
d rex. ond method of combining mercury with the tartareous 
eſcrs :cidulum, is, by pouring a- nitric ſolution of this metal 
wi into a ſolution of tartarite of potaſh or ſoda: a precipi- 
muck WY tate is thus obtained, which conſiſts of mercurial tarta- 
e „e; and the nitrite of potath or ſoda remains diſſolved in 
en the liquor. | 
of de. The tartareous alin acts in a ſenſible manner 
ter! vpon oxide of lead. Rouelle the younger obſerved, that 
my A de tartarite of lead formed in this operation does not 
pred remain diſſolved in the liquor; and that the liquor, when 
ure aporated, aftords only pure tartarite of potaſh, which 
exited, ready formed, in the tartareous acidulum. This 


; one of the proceſſes which he employed to aſcertain the 
preſence of potaſh in tartar. 
Copper and its oxides are eaſily aQted upon by the 


tartar 
_- 1 Wtarcous acidulum : the reſult is a beautiful green ſalt, 
rops i" <<ptible of cryſtallization ; but it has not hitherto been 
0 u uckully examined. 


lron is one of thoſe metals on which the tartareous 
«cidulum acts with the greateſt efficacy. A medicine, 
called chalybeated tartar, is prepared by oiling four 
vunces of levigated iron filings, with a pound of white 
tartar, in twelve pounds of water. When the tartar is 


enter: 

lun dolved, the liquor is filtrated ; it depoſites cryſtals; 
.rcou il d theſe may be repeatedly obtained by evaporating the 
Th ocher-water. To prepare fartarized tinfure of Mars; 
ts; ü iake a paſte of ſix ounces of iron filings, a pound of 
\reol lute tartar in powder, and a ſufficient quantity of wa- 
tec let this mixture ſtand undiſturbed for twenty-four 


hours ; 


_ 
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hours; next, dilute it in twelve pounds of water, 14 
boil the whole for two hours, adding water to ſuppl 
the room of that which is evaporated ; decant off the j 
quor, filtrate it, and concentrate it to the confiltency of pr 
a ſyrup, adding an ounce of alcohol. Roulle obſerv 
that the potaſh exiſts at liberty in this tincture; and ks 


m 
by treating it with acids, neutral ſalts are obtained; WW (« 
which demonſtrate beyond a doubt the preſence of th, of 
alkali. There are two other medicines formed by e v: 
combination of the tartareous acid with iron; one me 
theſe is ſoluble martial tartar, which is a mixture conſt. WY ti 
ing of a pound of tartarized tincture of Mars, with bu lar 
ounces of tartarite of potaſh, evaporated to dryneh ed, 
The other is known by the name of balls of Mars. Ihe in 
are prepared by putting one part of filings of ſteel, vu tha 
two parts of white tartar in powder, into a glaſs vel, mi 
with a certain quantity of brandy : when the liquor nen 
evaporated, pulverize the maſs, and add more brandi, on 
which vaporate again as before: repeat this procels f 7! 
the mixture become greaſy and tenacious ; then main en 
it up into balls. 5 8 

Crude tartar is of great uſe in dyeing; hat. make dul 
likewiſe make uſe of it. with 
The ſeveral preparations of the tartareous acid ©x2 
which we have here enumerated, are chiefly employ u 
in medicine. The pure tartareous acidulum is though vid 
to be refreſhing and antiſeptic; in doſes of half an ounchlſh 7act 
or an ounce, it acts as a gentle purge, without exciting pub! 
nauſea. Tartarite, both of potaſh and ſoda, is frequenii '77: 
taken in doſes of a few drams, to aſſiſt the action of o pori 
purgative medicines. Tartarite of antimony is on: i de. 
the moſt uſeful and moſt powerful medicines which d «al 


min 
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miſtry affords, This falt is emetic, purgative, diuretic, 
diaphoretic, or diſcuſſive, according to the doſes, and 
the circumſtances in which it is adminiſtered. It often 
produces even all theſe effects at once. It may be con- 
{dered as a powerful alterative, happily qualified to re- 
nove obſtructions in the viſcera, when adminiſtered in 
{mall and repeated doſes. It is given as a vomit in doſes 
of from one to four grains, diſſolved in a few glaſſes of 
water. A grain of it is ſometimes mixed with other 
medicines to aſſiſt their action: laſtly, It acts as an altera- 
tire when taken, half a grain at a time, diluted in a 
large proportion of water, M. de Laſſone has diſcover- 
ed, that tartarite of antimony is rendered very ſoluble 
in water, by mixing with it ammoniacal muriate; and 
that there reſults from this mixture a ſalt of a nature ſi- 
milar to that of ammoniaco- mercurial muriate. This 
new triple ſalt cannot but produce very powerful effects 
on the animal œc my. Chalybeated tartar, ſoluble 
nartial tartar, and the tartarized tinfture of Mars, are 

employed as tonics and aperitives. 
duch are the properties of the native tartareous aci- 
dulum, or af the tartareous acid, combined by nature 
with a certain quantity of potaſh, It was requiſite to 
examine it with care, as it is ſo very uſeful, and fo very 
much employed. But this is not- the pure tartareous 
acid; and it is of no leſs importance to know the cha- 
tacteriſtic properties of that ſubſtance. M. Retzius has 
publiſhed, in the Memoirs of Stockholm for the year 
1770, a proceſs invented by Scheele for extraQting and 
purifying this acid. Into a ſolution of two pounds of 
e tartareous acidulum, in boiling water, put waſhed 
chalb, till ſuch time as it ceaſe to produce efferveſcence, 
; and 


alkaline earth decompoſes the tartarite of potaſh cou- 


272 Of the Tartarecus Acidulum. 


and there be no longer any of the acid in a ſtate of ll, 
berty : the quantity requiſite is ſomewhat more than: 
fourth part of the weight of the acidulum; take out th, 
precipitate of calcareous tartarite which is now formed, 
place it on a filtre, and waſh it with cold water; ther 


are uſually thirty-two or thirty-three ounces of it, q ſyr 
account of its containing water. The liquor decanted Ion 
from above the precipitate, affords by evaporation 3 be 
quantity of tartarite of potaſh, which has not been de. Ber 


compoſed, equal nearly to half the acidulum employed, 
Pour upon the calcareous tartarite, in powder, nine and 
a half ounces of concentrated ſulphuric acid, diluted in 
five pounds five ounces of water; leave this mixture tg 
digeſt for twelve hours, ſtirring it from time to time, 
Decant the liquor from above therſulphate of lime; eva. 
porate it, after aſcertaining that it contains no ſulphuric 
acid. In order to that, pour into it a few drops of ace 
tite of lead, or ſalt of Saturn: if the precipſtate thu 
produced be ſoluble in vinegar, the lixivium may be in 
ferred to contain no ſulphuric acid; but if the preciph 
tate cannot be diſſolved in that fermented acid, the lixi 
vium {till contains ſulphuric acid, which may be lep# 
rated by digeſting it on a certain quantity of calcareous 
tartarite. Lime may be uſed inſtead of chalk in the 
proceſs for obtaining the tartareous acid : But as that 


tained in the tartareous acidulum, the lixivium, whe 
lime is uſed, contains only alkali inſtead of tartarite df 
potaſh, as in the former proceſs. The uſe of quicklime 
in this decompoſition affords more of the acid, becauſ 
lime decompoſes twice its weight of tartareous acidu- 
lum. 


The 
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The pure tartareous acidulum obtained in a liquid 
ſate by either of theſe proceſſes, muſt be evaporated to 


it the BY dryneſs ; then diſſolved : gain, and cryſtallized, either by 
med, ſow evaporation, accordiug to M. Pæcken; or by cool- 
there WM ing the evaporated liquor to the conſiſtency of a clear 
„ o ſyrup, according to Bergman. It is obtained in the 
antel WW form of ſmall ſharp-pointed needles, or minute priſms ; 
ion a ue form of which it is ſcarce, poſlible to determine. 
en de. Bergman deſcribes them as divergent leaves; M. Ret- 


zius compares thein to hairs intwined together : They 
re at firſt very white; thoſe obtained towards the end 
if the operation are yellow. | 
The cryſtallized tartareous acid melts, fumes, be- 
comes black, and even takes fire, when brought into 
ontact with burning bodies. When diſtilled, it affords, 
ke the tartareous acidulum, only an acid phlegm, a 
ile oil, and a good deal of gazeous carbonic acid, mix- 
d with carbonated hydrogenous gas. The coal which 
emains contains neither acid nor alkali ; which proves, 
hat no alkali is formed in conſequence of the decom- 
tion of the tartareous acid by fire: this acid, how- 
er pure, is always oily. For this reaſon, it is called 
e tartareous acid, and its ſalts tartarites. 
lt is not liable to alteration in the air: It is much 
ore ſoluble than the tartareous acidulum : Its taſte is 
pungent: It reddens the tincture of violets, as 
ell as that of turnſol. It diffolves aluminous earth, 
d forms with it an aluminous tartarite, which takes 
ly a gummy or mucilaginous conſiſtency by evapo- 
uon. 
la combination with magneſia, the pure tartareous 
Vol. III. 8 acid 
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acid forms a ſalt ; which alſo, inſtead of cryltallizing 
gives a fort of gelatinous matter. 

By combination with lime, it affords an almoſt ing 
luble ſalt, 

A little potaſh, poured into this ſolution, precipitay 
the tartareous acidulum, or cream of tartar, in cryita 
This diſcovery, made by Scheele and Bergman, thay 
more light than any other facts known on the nat 
of this vegetable ſalt. No farther proofs are requiliz 
as M. de Morveau ſays, to determine the principles 9 

which the tartareous acidulum conſiſts : we know it 
conſiſt of tartarite of potaſh, with exceſs of acid; hy 
what is very ſingular, this acid, naturally very ſolu 
ſuddenly loſes that property when about halt fat 
with potaſh ; which, however, is very ſoluble by it 
This tine experiment alſo proves, that the tartaray 
acid is not in any manner altered by Scheele's proc 
for with about one fourth or one third of its own wei 
of potaſh, it forms an acidulous ſalt, fimilar in natur 
the acidulum from which it was obtained. With a g 
er proportion of potaſh, it forms a neutral ſalt, ca 
pletely ſaturated and ſoluble, which is tartarite of po 
or vegetable ſalt, 

The tartareous acid, with ſoda, forms a cryſtallual 
neutral falt, or tartarite of ſoda (/alt of Seignet 
which is very pure. With ammoniac, it affords 20 
ſtallizable ammoniacal tartarite. M. Retzius ial 
us, that the tartareous acid, when combined vil 
quantity of ammoniac confiderably leſs than wi 
required to ſaturate it, forms a ſcarce ſoluble ans 


niacal tartareous acidulum, which cryſtallizes like WW ſtate 
con des. 
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-ommon cream of tartar, or tartareous acidulum of 
potaſh. 

Although the tartarites have not ſo ſtrong an atfh- 
vity with the alkalis, as the mineral acids; yet theſe 
Liter ſalts, when they decompoſe tartarite of potaſh or 
oda, do not completely ſeparate the baſe, but diſen- 
rage the tartareous acid into the ſtate of acidulum, of 
num otaſh, or of ſoda. The pure tartareous acid does it- 
af partly decompoſe ſulphate, nitrate, and muriate 
f potaſh, and ſeparates ſo much of the alkali as is 
equiſite to bring it into the ſtate of tartareous aci- 
ulum, or acidulated tartarite of potaſh. It does not 
roduce the ſame effect on nitrate and muriate of pot- 


zing, 


ſh, + 
M. Hermſtadt aſſerts, that the tartareous becomes 


rtaroofWr2lic acid by means of the nitrous acid. Bergman 
puld not effect this change: but he failed probably on 
count of employing too little of the nitrous acid. As 
natur ie nitrous acid gives out nitrous gas, when it accom- 
ihes the tranſmutation of the tartareous acid, the 
y difference between the tartareous and oxalic acids 
duld appear to be, that the latter contains a greater 
antity of oxigene. | 

The tartareous acid is incapable of acting on ſilver, 
d, or platina; it diſſolves their oxides. Its action on 
pet, lead, and tin, is imperceptible ! it diſſolves the 
des of theſe metals, and deſtroys the red colour of 
ed wü ie of lead. 

n wü didolves iron with a very gentle efferveſcence. 

It produces no alteration on antimony in a metal- 


tte, but acts with ſufficient force to diſſolye its 
COMB des. 
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It kane lime from the nitric, the muriatic, 4, 
acetous, the formic, and the phoſphoric acids. 
It precipitates the nitric ſolution or Wy; the my. 
riatic ſolution of lead, &c. 
Its attractions are repreſented by Bergman in the fol. 
lowing order: lime, barytes, magneſia, potaſh, ſoda, an. 
moniac, aluminous earth; oxide of zinc, iron, mangz 
neſe, cobalt, nickel, lead, tin, copper, biſmuth, anting 
ny, arſenic, filver, mercury, gold, platina, water, and 
alcohol. 


§ II. Of the Oxalic Acidulum, or Salt of Sorrel, that i 
fold in commerce, and of the pure Oxalic Acid. 


THE ſalt of ſorrel fold in the ſhops, or the oxalic 20 
dulum, is extracted in great quantities at Hartz, in 
Thuringia and Swabia, from the juice of ſorrel, calle 
by Linnæus oxalis acetoſella. An hundred pounds d 
this plant, cut down in a ſtate of vigorous vegetation 
afford, according to M. Savary, fifty pounds of expreſe 
juice; which' fifty pounds of juice afford only five ounce 
of concrete ſalt, by evaporation and cryſtallization. 
ſalt of forrel that comes from Switzerland, is dil 
guiſhed in commerce as the moſt beautiful and i 
whiteſt ; that from Forets in Thuringia is dirty 
yellowiſh, ; 

The juice of ſorrel has been long known to affot 
an acid ſalt by evaporation. Duclos mentions, it 
the Memoirs of the Academy for 1668 : Juncker ii 
wiſe ſpeaks of it. Boerhaave, who compares this 
to tartar, has given a very accurate deſcription of i 


proce 
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proceſs for obtaining it. M. Margraff diſcovered, that 
entered into the oxalic, as well as into the tarta- 
eous acidulum. But the nature of this ſalt was by no 
neans exactly known, till the experiments of Meflrs 
Savary, Wenzel, Wiegleb, Scheele, and Bergman, were 
communicated to the world. 
The oxalic acidulum exiſts in | ſmall white cryſtals, 
opaque, and needled or lamellated. Their form has 
not been yet fully aſcertained ; although Capeller and 
Ledermuller have: deſcribed them as they appeared 
through the microſcope. M. de Liſle repreſents them 
a very oblong parallelopipids. They conſiſt of collec- 
tions of long thin leaves, joining at one end, but ſepa- 
parate at the other, The taſte of this ſalt is ſour, poig- 
nant, and at the ſame time bitter. It communicates 
a deep red colour to tincture of turnſol, and blue pa- 
per. Four hundred and eighty grains of this acidu- 
lum, diſtilled in a retort by a fire, the heat of which 
js properly regulated, afforded M. Weigleb one hun- 
Ired and fifty grains of phlegm, ſtrongly acid, without 
ther ſmell or colour. There remained one hundred 
nd ſixty grains of grey ſalt, from which one hundred 
ad fifty-ſix grains of vegetable alkali were obtained. 
bout four grains of concrete acid ſalt were likewiſe 
ublimed into the neck of the retort : not a drop of 
ul paſſed, In this proceſs of diſtillation, there were 
ne hundred and fixty-fix grains of loſs. But as M. 
Vegleb does not mention what elaſtic fluids were diſ- 
beaged in this analyſis, the loſs was probably owing 


cer lo the diſengagement of water in vapours, and of car- 
this nc acid gas, mixed with a little hydrogenous gas 
n fd carbonaceous matter. By comparing this analyſis 
proct S 3 with 
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with that of the tartareous acid, we perceive the oral 
acidulum to be leſs oily than the other The liquy 
acid, therefore, obtained by this diſtillation, is pure 
oxalic acid; whereas the tartareous acidulum, wha 
treated with fire, affords an altered acid, different in nz. 


ture from the tartareous acid, which we call the yy, 4 
tartareous acid. It is becauſe the acid of ſorrel contain Wil a, 
ſo little oil, that we call it the oxalic acidulum an i: 
acid ; while to the more oily acid of tartar, the rules oi ., 
our methodical-nomenclature require us in the name of 
of the tartarevus acid. thi 
The oxalic acidulum, when pure, ſuffers no alten 1.; 
tion by expoſure to air; it is more ſoluble than r (4 
tartareous acidulum. According to M. Weiglib, 0 
drachm of oxalic acidulum from Switzerland requirg 


to diſſolve it only fix drachms of boiling water; by 
though other ſix drachms of cold water be adde of 
it is entirely precipitated by cooling. According vil ::: 
M. Wenzel, it is even much more ſoluble than te 
Weigleb repreſents it : for he found, by experimen, no 
nine hundred and ſixty parts of boiling water to tak 
up ſix hundred and ſeventy-five parts of this falt : bn 


its Aubility yaries, according as it is more or | 1 
acid; which again depends on the quality of the . 
from which it is extracted. otht 
I be oxalic acidulum combines with barytes, ꝗ (alt: 
neſia, ſoda, ammoniac, with which it forms If : 
falt (or trifules). Lime decompoſes it, by detacungl ze 
its acid,” both that part which is in a ſtate of 10a" bay 
and that which is in combination with the potaſh. Met 
hundred grains of chalk decompoſe one hundred d 
thirty-ſeven grains of the oxalic acidulum. The Marie 


cipi 17 
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orie i cipitate of calcareous oxalate that is depoſited, weighs 
liquid ane hundred and ſeventy-five grains; the ſupernatant 
s pure BAY liquor affords, by evaporation, thirty-two grains of car- 
when donate of potaſh. This proceſs cannot be uſed in pre- 
in nn. paring the pure oxalic acid, though the tartareous acid 
e n be obtained pure by it: for calcareous oxalate is not 
ontain WY decompoſable by ſulphuric acid, like calcareous tar- 
n an WY tarite; on the contrary, the oxalic acid has ſo ſtrong 
my] n affinity with lime, that it attracts this earth from all 
e nane other acids; and, one certain teſt of the purity of 

the oxalic acidulum, or ſalt of ſorrel, is, to pour a ſo- 
alten lution of it into water impregnated with calcareous 
an the ſulphate : when the acidulum has been really extracted 
glib, from ſorrel, it produces in the water a copious preci- 
requires 
r; by 
added, 
Jing 0 
jan N 


pitate, 

The ſulphuric acid contributes to the diſengagement 
of the oxalic acid from the acidulum by means of heat, 
according to M. Weiglib. The nitric acid decompoſes 
the acidulum, and ſeparates the alkali ; but it has much 
rim more difficulty to accompliſh this on the oxalic than on 
the tartareous acidulum, according to Margrafl's expe- 
riments, 

The oxalic acidulum acts upon iron, zinc, tin, anti- 
mony, and lead. It difſolves the oxides of all the 
other metals, forming with them triple cryſtallizable 
ſalts, which are not deliqueſcent, and in which the pot- 
an always remains in union with the acid: it precipi- 
rates the nitric ſolutions of mercury and ſilver. M. 
bayen, by evaporating the ſupernatant liquor from above 
incle precipitates, obtained nitrate of potaſh, and thus 
clablithed more certainly the exiſtence of alkali in this 
atidulum. 6 
84 To 
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To prepare the oxalic acid by ſeparating the potzg, 
of the acidulum, diſtillation, as we have already ſee, 
may be employed: but this proceſs affords only a ſmal 
quantity; and that which Scheele has recommende, 
being eaſier performed, and more certain in its re. 
ſults, is therefore preferable. Saturate the oxalic ac 
with ammoniae; pour, into this triple ſolution, conſiſting 
of oxalic acid, with ammoniac and potaſh, a quantiy 
of barytic nitrate. A precipitate of barytic oxalate i 
thus produced, and the nitric acid retains the potah * 
and ammoniac. After waſhing the barytic oxalate 10 
decompoſe it with ſulphuric acid. The ſulphate of 
barytes, that is now formed, remains inſoluble a WW ..;; 
the bottom of the liquor. Decant off the liquor; 
ſeparate the portion of ſulphuric acid which may (til 
be contained in it, by barytic oxalate diffolved in 
boiling water; and when it ceaſes to afford a pre, 
cipitate, the liquid may be conſidered as containing 
pure oxalic acid, and decanted off from above the 
precipitate, It is next to be evaporated with prope 
care; and it now affords ſalt, by cooling, in qu: 
drilateral priſms, with their ſides alternately broad and 
narrow, and terminating in dihedral ſummits. Thee 

_ cryſtals are often in the form of ſquare or rhomboidi 
plates. 

This concrete acid has a very ſtrong ſour taſte; ſe. 
ven grains communicate a ſenſible acidity to two pound 
of water. It reddens all blue vegetable colours. 4 
grain of this ſalt communicates to 3600 grains of ws 
ter the property of reddening paper tinctured vill 


turnſol, 


2 Tie 
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taſk The concrete oxalic acid, when expoſed to a mode- 4 
ſeen, nte fire, becomes dry, and is covered over with a thick 1 | 
mall cruſt; it is in a ſhort time reduced to powder, and 1 | 
ded, bees three tenths of its weight. When diſtilled in a re- | 
$ Te. tort, by a ſtronger fire, which muſt not, however, be | 
acil WW yiolent, it liquifies, becomes brown with ebullition, af- 

lng dds an acidulated phlegm, and is partly ſublimated 

tin without alteration. There is at the ſame time diſen- 

te n caged from it a gas, mixed with carbonie acid, and hy- | 
otalh drogenous gas. When expoſed to a violent heat, it | 
late zfords more gas, leſs ſublimated concrete acid, and | 


more acidulated phlegm, that is not liable to cryſtalli- 
zation; at the bottom of the retort, there remains only 
a grey or brown maſs, amounting to one fiftieth part of 
the acid employed. When put upon a coal burning in 
the air, it emits a very acrid white ſmoke, which irritates 
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pre, the lungs in a very lively manner: the reſidue which it 
inig WW eaves is white, without any mixture of carbonaceous 


matter. Such 1s the reſult of the decompoſition of the 
oxalic acid by fire that was obſerved by Bergman. The 
Abbe Fontana has obtained near double the quantity 
of gas; but that, as we have already ſhown, depends on 
as having applied a ſtronger heat, with a view to effect 
k thorough decompoſition of the acid. 

When expoſed to moiſt air, the concrete oxalic acid 


e. emains deliqueſcent ; but in dry air it rather becomes 
und By. Cold water diflolves a quantity of it equal to one 
„ A 84! of its own weight. When cryſtals of this acid are 


ſt into cold water, a faint noiſe is heard, which muſt 
produced by a ſudden breaking of their particles. 
+32 ſpecific gravity of this cold ſolution is 1.0593, ac- 

cording 
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cording to M. de Morveau. No acid vapour riſes wiz 
the water of the ſolution when evaporated, not even by 
ebullition. Boiling water diſſolves a. quantity of thi 
concrete acid ſalt equal to itſelf in weight: One half 
is precipitated in cryſtals by cooling. 

Ihe oxalic acid diſſolves aluminous earth. This ſo 
lution affords, by evaporation, a yellowiſh maſs, trau 
parent, ſoft, and aſtringent; which attracts moiſture 
from the atmoſphere, and reddens turnſol. This fat 


20 
ſwells in the fire: it then loſes its acid, and the aluni. ſo 
nous earth remains a little * It is decompo 
ſable by mineral acids. 03 
In combination with barytes, it forms a ſcarce ſoluble WY qu 
falt; which, with an excels of the acid, affords anguly an 
cryſtals. Hot water, by depriving them of that excei, de 
renders them opaque, pulverulent, and inſoluble. po 
With magneſia, it affords a white ſalt in po n 


der, which is decompoſable by the fluoric acid and by 
rytes. 

The oxalic acid, faturated with lime, forms a ſalt i 
ſoluble in water, pulverulent, and not decompoſable M ed 
fire; for ſo ſtrong is the aflinity between this acid af in 
lime, that it detaches this baſe from every other ac 73! 
On account of this property, Bergman has propold 
the uſe of the oxalic acid for aſcertaining the prelen 
and the proportion of lime in mineral waters, or in a 
combination with other acids. Calcareous oxalate gina 
a preen tinge to ſyrup of violets. 

The oxalic acid combines with potaſh ; and the nt 
fral ſalt, with an exceſs of either of the two princips | 


is ſuſceptible of cryſtallization, | Oxalate of potalis 
vel 
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jery ſoluble in water, and decompoſable by the action 
en by of fire and of mineral acids. Pure oxalic acid, added 
f thi in drops to à ſolution of this ſalt, ſoon produces a pre- 
ie half cpitate, which appears to be oxalic acidulum, the fame 

as the common ſalt of ſorrel. 
his o. With two thirds of ſoda, the oxalic acid forms a ſalt 
trau. which is ſcaree ſoluble, but diſſolves beſt in hot water, 
oiſture and turns ſyrup of violets green. An exceſs of the 
his ſal acid forms acidulous oxalate of ſoda, which is ſcarce 
ſoluble. 


With ammoniac, the oxalic acid affords ammoniacal 
oxalate, which cryſtallizes, by low evaporation, into 


ſoluble BY quadrilateral priſms. By fire, this ſalt is decompoſed ; 
noula WY and then it yields ammoniacal carbonate, formed by the 
excel, WW deftruftion of the oxalic acid. An exceſs of the acid 


poured into a ſolution of this ſalt, precipitates from it 
n ammoniacal oxalic acidulum, in cryſtals much leſs 
ſoluble in water than the pure neutral alt. 

The oxalic acid is ſoluble in mineral acids. It im- 


1 pos. 
nd by 


ſalt u browns the concentrated fulphuric acid; it is decompo- 
ble Y {ed by the nitrous acid, and reduced into carbonic acid 
id ul i conſequence of the decompoſition. This acid gene- 


r acid 
ropolel 
reſenct 
in a 
te ging 


rally combines much eaſier with metallic oxides than 
with the metals themſelves. 
1. With oxide of arſenic, it forms priſmatic cryſtals, 
1 fuſible, very volatile, and decompofable by heat. 
2, With oxide of cobalt, a pulveriſed falt, of a bright 
my colour, and ſcarce ſolubie. 


he net 3. With oxide of biſmuth, a white alt! in powder, 
ncipe little ſoluble in water. 
zotalhs * 


ve! 
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4. With oxide of antimony, a ſalt in eryſtallin, 
grains. | 
5. With oxide of nickel, a ſalt, of a white or greenig 
yellow colour, and ſcarce ſoluble. 

6. With oxide of manganeſe, à ſalt in a white pov. 
der, which becomes black in the fire. 

7. With zinc, the ſolution of which is attended vith 
efferveſcence, a pulverulent white falt. 

8. It diſſolves oxide of mercury, and reduces it to: 
| white powder, which is rendered black by the contag 
of light, This acid decompoſes mercurial ſulphate and 
mercurial nitrate. 

9. Tin, by its action, is firſt 3 black, and al. 
terwards covered with a white powder. The ſalt which 
it forms with this metal is of an harſh taſte, It cryſtal, 
lizes into priſms, by evaporation judiciouſly conducted; 
when evaporated by an intenſe heat, it leaves a tranſpꝛ. 
rent maſs, reſembling horn, 

10. It tarniſhes lead, but diſſolves its oxide better, 
The ſaturated liquor depoſites ſmall cryſtals, which may 
alſo be obtained by pouring oxalic acid into a ſolution 
of nitrate or muriate of lead, or into acetite of the ſame 
metal. | 

11. It acts on iron-filings; and as there is water de. 
compoſed in this ſolution, there is of conſequence by- 
drogenous gas diſengaged. Oxalate of iron is ſtiptic: 
it affords greeniſh yellow priſmatic cryſtals, decompo- 
ſable by heat. 

Yellowiſh oxide of iron, in combination with this acid, 


affords a yellow falt, ſimilar to that which is obtained 
by 
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by pouring liquid oxalic acid into a ſolution of ſulphate 
of iron. 7 

12. It acts on copper, and entirely diſſolves the oxides 
of this metal. The ſalt thus formed is of a clear blue 
colour, and ſcarce ſoluble. This falt may be like- 
wiſe obtained by precipitating ſulphuric, nitric, mu- 
ratic, and acetous ſolutions of copper, with oxalic 
acid, 

13. Oxide of filver, precipitated by potaſh, diſſolves 
in a ſmall proportion in this acid. The beſt way of ob- 
taining this ſalt is by precipitating the nitric ſolution of 
flyer with oxalic acid: a white ſediment is produced, 
ſcarce ſoluble in water, and liable to become brown by 
the contact of light. 

14. This acid ſcarce acts on oxide of gold. 
15. Laſtly, it diſſolves the precipitate of platina pro- 


duced with ſoda. This ſolution is ſomewhat yellow, and 


affords cryſtals of the ſame colour. 

Such are the phznomena of the combinations of the 
oxalic acid, as deſcribed by Bergman. 

That celebrated chemiſt accompliſhed all theſe com- 
binations with artificial oxalic acid, prepared from ſu- 
gar and nitric acid. Sugar, as well as all mucilages, 
extracts, ſweet oils, and farina, affords, when treated 
with nitrous acid, an acid perfectly the ſame with pure 
oxalic acid, as has been aſcertained by Scheele. All theſe 
matters, and even a great many animal ſubſtances, as 
has been diſcovered by M. Berthollet, contain therefore 
the radical principle of the oxalic acid, wanting nothing 
but oxigene to complete the acid. 

Bergman 


pious in thoſe matters, and appears to paſs unaltered 
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Bergman was the firſt who diſcovered that ſugu, 
treated with nitrous acid, formed a peculiar acid: j, 
gave it the name of the acid of ſugar, or ſaccharine aig, 
which it retained for ſeveral years, till Scheele ſhong 
it to be preciſely of the ſame nature with the oxlic 
acid, extracted from ſalt of ſorrel by the. proceſs abore 
deſcribed, He ſhowed the identity of theſe acids, by 
forming the ſcarce ſoluble oxalic acidulum, or ſal g 
ſorrel, from a combination of a ſmall quantity of ſodz, 
with the ſaccharine acid. Here, then, is a vegetable 
acid, which exiſts in an acid ſtate in but few vege. 
table matters, but of which the baſe is exceedingly co. 


into animal bodies. In the following chapters, we 
ſhall ſee that this acid is probably, like all other vege. 
table acids, a compound of hydrogene, carbone, and 
oxigene; and that the only difference between it and 
the other vegetable acids 1s in the proportions of their 
principles. 

The baſe or radical principle of the oxalic acid ap- 
pears to exiſt in greater plenty in inſipid matters than 
in ſugar; though it was once believed, that ſaccharine 
bodies afforded moſt of it. From ſugar, Bergman ob- 
tained only a third part of its weight of oxalic acid 
and from wool, M. Berthollet has obtained a quan- 
tity equal to more than half the weight of the 
wool. | 

The pure oxalic acid is uſed no where but in the 
laboratory; the chief uſe to which it is there applied, 


is to aſcertain the preſence of lime. The oxalic acid 
lum, 


e A. 


of Fegetable Acids, formed by the Action of Fire, and i 
the Nitric Acid. 


T has been long known to chemiſts, that many vege 
table matters afford, by diſtillation, phlegms, of 
acid liquors : theſe ſaline ſubſtances, altered by fire, 
were, however, but little attended to. Since ſuch : 
number of acids have been diſcovered, really diſtin 
from one another, either in their intimate nature, or in 
the proportion of their principles, many of theſe falts 
have been found to poſſeſs peculiar and diſtinctive pro- 
perties. It has been alſo aſcertained, that ſome acids 
act, like heat, on vegetable matters, and that the nitric 
acid, in particular, converts moſt of them into acid. 
Theſe new, or newly modified ſalts, need to be carefully 
examined, in order that we may acquire a knowledge ct 
their nature. We cannot avoid remarking, in the ful 
place, that there muſt be a general analogy of nature o 
formation, among vegetable acids, produced by the ac- 


tion of heat : On account of that analogy, we give them 
| the 
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he generic name of empyreumatie ſalts; and apply to 
each of them, as a ſpecific diſtinction, the ſyllable- pyro, 
joined fo a term indicating the origin of the ſalt ; thus 
pe ſay, the are the G and * pgres 
fenzous acids. 


8 I. Of the to Tartarens Acid. 


IT has been already mentioned, that, * the ail 
tion of the tartareous acidulum, an acid phlegm is ob- 
nined, which is not the pure tartareous acid, but that 
xcid altered in a particular manner. The hydrogenous 
rs, and the carbonic acid gas, that are at the ſame 
ime diſengaged, ſhew plainly that ſuch an alteration 
nuſt take place; for theſe can only be produced in con- 
quence of the decompoſition of the acid of tartaf. As 
this alteration is owing to the action of heat, and as an 
il, mixed with the diſtilled acid, is at the ſame time 
olatilized, which modifies its colour, we have there- 
ite called that acid the pyro-fartareous, and its ſaline 
mbinations pyro-tartarites, according to the laws of 
Ir nomenclature. ; 
The firit chemiſts who made experiments on this mat- 
u, with any degree of accuracy, aſcertained, that, by 
Hilling about a quarter of a pound of tartar, there 
ght be obtained an acid phlegm of a very pungent 
bell, or pyro-tartareous acid. The academicians of 
Non repreſent the ſecondary rectification or diſtillation 
this acid, which has been recommended by ſo many 
udors, as attended with one very great difficulty. 
withſtanding every precaution which they could 
Net. IL p adopt 


adopt to moderate the fire, and give room to the 3 
pours, they always found the liquid to riſe ſo quickly à 
to burſt the veſſels containing it, into pieces. Thi 
phænomenon they attribute to the action of gas produ- 
ced by the decompoſition of the acid, and compreſſed hy 
the oil; which preſſure it at length overcomes, as it i 
more dilated. Beſides, the rectification is not very ne. 
ceſlary, as the acid ſeparated from the oil by the fill. 
pipe is ſo pure as to exhibit all its diſtinctive chang. 
teriſtics, 

The pyro-tartareous acid has an n taſte au 
ſmell. It does not redden ſyrup of violets, but it produces 
that effect on turnſol and blue paper: It diſengages the 
carbonic acid from its baſes with a lively efferveſcenc 
With the earths and alkalis, it forms ſalts very different 
from thoſe which the tartareous acid forms with the 
fame baſes. Theſe ſaline compounds have not yet bee 
examined; only we know the pyro-tartarites of potal 
and ſoda, to be ſoluble in cold water, and cryſtallizable 
the acid decompoſes nitrate of filyer, producing trot 
it a, grey precipitate; it by degrees renders nitrate 
mercury turbid ; it does not decompoſe calcareous mi 
riate ; and the ſulphuric acid decompoſes its neutral ſal 
* diſtillation. 

Chemiſts, before hydrogene, carbonaceous matte 
and oxigene, were underſtood to be the ſole and g 
nuine component principles of all vegetable acids, cal 
ſtituting different acids only by being united in differe 
proportions, had adopted opinions very remote from i 
truth, concerning the nature of this acid, obtained! 
diſtillation from tartar. Venel aſſerted it to be acid 
Dil 
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ue. M. Monnet concluded, from a more accurate in- 
reſtigation of its nature, that it was muriatic acid diſ. 
led by oil and mucilage. But although Scheele 
bund tartar to contain a little muriatic acid, yet the 
abic form of the neutral ſalt, produced by the union of 
the pyto · tartareous acid with ſoda, and the precipita- 
non of nitrate of mercury by this acid, the two facts on 
zich M. Monnet eſtabliſhes the identity of the pyro- 
artareous with the muriatic acid, are not ſufficient evi- 
lence to induce modern chemiſts to aſſent to the con- 
duſion deduced from them. Beſides, the chemiſts of 
Dijon have repeated the ſame experiments without ob- 
nining the ſame reſults ; nor have Meſſrs Berthollet, 
Svielman, and Corvinus, been more ſucceſsful. On the 
contrary, it is highly probable, that the principles of 
he pyro-tartareous acid are the ſame with thoſe of the 
rid of tartar itſelf ; and that the two acids differ only 
u the proportion of their principles: the ſmell and taſte 
of this empyreumatic acid, its not being ſuſceptible of 
cſtallization, and all its other properties, and till 
nore the diſengagement of oil and carbonic gas from 
tte tartareous acidulum, when the pyro-tartareous acid 
k formed, —concur to prove the truth of what is here 
Iſerted, 

The character of this empyreumatic acid has not yet 
deen ſufficiently inveſtigated, to enable us to determine 
lte order of its chemical affinities with earthy, alkaline, 

d metalliq baſes. 7% | 


P 


mucous acid by the diſtillation of ſugar, that the bo 


He does not attribate'this to the acid, as it exhibits! 
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5 II. Of the Pyro-Mucous Acid. . 
© THE acid which we denominate pyro- mucous, is thi 
obtained from inſipid, ſaccharine, gummy, farinaceoy 
Kc. mucilages, which was at firſt denominated by N. 
de Morveau the ſyrupous acid. Chemiſts have long 
known that ſugar affords, by diſtillation, a pretty irony 
acid phlegm. Neuman, Cartheuſer, Geoffroy, and But 
quet, have made particular mention of that acid, but with. 
out having examined its properties. M. Schrickel ha 
examined its nature with more minute attentiod tha 
any other chemiſt. 

By diſtilling 16 ounces of ſugar, M. Schrickel obtain 
ed 6 drachms of phlegm, which paſſed into the receive 
in the form of white vapour, and was condenſed inte 
unctuous ſtriæ, of a pungent ſmell, like that of horſe 
raddiſh, or bitter almonds, roaſted ; of an acid, acrid, and 
bitter taſte, -and of a' red yellow colour.” He reflifi 
this acid upon clay ; it then paſſed clear, with a le 
pungent ſmell, and a ſour taſte. This acid, when tb 
purified, did not cryſtallize ; but when expoſed to coll 
the aqueous part froze, and that part which tilt reman 
ed liquid, became much more concentrated. 

M. de Morveau obſerved, when preparing the p 


tom of the retort was corroded during the operatic 


ſuch property when rectified, or when left long in 
glaſs; but rather to the action and adheſion of the 
bure of iron, which exiſts in the coal that remains all 
the decompofition of the ſugar, and had been violent 
heated. This acid, therefore, cannot be concentrak 


2 


alt is no leſs volatile than the fluid. This acid, accord- 
ing to M. de Morveau, exiſts in molaſſes, and renders 
them e 4g and not ſuſceptible of oryſtalliea- 
tion. 

The pyro- mucous acid, WIR rep by Gow 
ung, is very pungent, and communicates a deep red to 
blue vegetable colours. It produces red ſpots on the 
kin, as was long ago obſerved by Cartheuſer; and the 
ſpots thus produced deſtroy the epidermis before they 
diſappear. When expoſed to fire, it is totally volati- 
lized, leaving no reſidue but a brown mark on the 
place where it lay. Moſt of it may be converted in- 
to carbonic acid gas, and hydrogenous gas, by diſtil- 
ing it, with proper precautions, in cloſerveſlels : it now 
affords a more copious carbonaceous reſidue than when 
heated in open veſſels. A part is ging: without 
alteration. 

When combined with "iſtic 1 lime, 2 3 
da, and ammoniac, it forms neutral ſalts, which we 
all pyro-mucites, ' the properties of which have not yet 
deen examined with ſufficient, care, but which differ 
from all other known neutral ſalts. It diſengages the 
arbonic acid from all of _ theſe alkaline baſes with - 
hely efferveſeence. 

The property of diſſolving gold was fouwely aſcribed 
o the ſpirit; of honey; but it appears for certain, that 
de pyro· mucous acid does not affect either that metal, 
it platina, or ſilver, or even mercury; but it might 
oſibly di ſſolve the oxides of theſe metals. This acid 
modes lead, becoming opaque itſelf on the occaſion; 
ich alteration. it owes to the oxide of lead which it 
TY forms. 


tratt 
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dines with that metal to form cryſtals. 


- Pyro-mucite of lead is in oblong cryſtals, þ 
25 3 copper, and becomes green by the re. action q boo. 
that metal ; it diſſolves tin; it acts upon iron, and con, ) 


Its chemical affinities have been determined by M. nd 
Morveau in the following order; Potaſh, ſoda, baryta, Th 


lime, magneſia, ammoniac, r earth, merit lation 
oxides, water, alcohol. | potaſ} 
This empyreumatic acid has not as yet been appel vben 
to any purpoſe. Spirit of honey, of manna, &c. wel afford 
formerly made uſe of in pharmacy but the uſe of then "ity 
us! been oy given up. fats, 
nted 
| matic 
Im. Of the Pyro-lignecus Acid. The 
pat” | ae by dif 
WOOD, eſpecially beech, birch, and box trees, U duct: 
ford, by diſtillation, a brown acid liquor, of a x nngs, 
ſtrong, peculiar ſmell, which reddens blue vegetabl{ſ colour, 
colours, and efferveſces with alkaline carbonates. Boll to 
haave was acquainted with the product of box, juni © 45 : 
oak, and Guayac but the chemiſts who have repen rate: 
Boerhaave's proceſs, have not examined the nature u beat, it 
peculiar properties of this acid. M. Goettling, in i dis, a 
year 1779, firſt publiſhed, in Crell's Journal, a Memo obtaine 
on the acid of wood, and more eſpecially on its uni It co 
with alcohol. That chemiſt diſtilled the bark of b wich tt 
in an iron retort :; he obtained a brown, oily, acid of alu! 
duct, which he left to ſettle for three months ; at! nd am 
end of that time, he obſerved drops of oil ſwimming nined 
its ſurface, which having ſeparated by filtration, he poſh parti 
Cervay 


ed into the filtrated liquor a ſolution of potaſh. 


rely efferveſcence took place ; the liquor aſſumed a 
dood- red colour, and afforded, after being ſaturated 
with alkali, . and evaporated, a black ſalt, which was 
melted in an iron pan, and purified by a ſecond ſolution, 
and a ſecond evaporation. 

The pyro-ligneous acid may be alſo rectiſied by diſtil- 
ation, according to M. Goettling. The pyro-lignite of 
potaſh, formed of this rectified acid, becomes very hot 
when brought into contact with the ſulphuric acid, and 
affords pyro-ligneous acid in a ſtate of conſiderable pu- 
ity. That chemiſt, to whom we are indebted for theſe 


nted by the ſulphuric acid, has no longer any empyreu- 
matic odour, but a ſmell of garlic. 

The chemiſts of Dijon extracted this acid from beech, 
by diſtillation, and afterwards rectiſied the liquid pro- 
duct: 55 ounces of this wood, well dried, and in ſha- 
ings, afforded 17 ounces of reQified acid, of an amber- 
colour, not mixed with oil, and of which the gravity 
was to that of diſtilled water, in the proportion of 49 
to 48 : 23+ ounces of lime-water were required to ſa- 
turate an ounce of this acid. When expoſed to a gentle 
heat, it aſcends in vapour. A ſtrong heat decompoſes 
dis, as well as all other vegetable acids. It cannot be 
ne obtained in a concrete form. 

It combines with earthy and alkaline baſes, and forms 
vith them peculiar ſalts, which we call pyro-lignites 
of alumines, barytes, magneſia, lime, potaſh, ſoda, 
und ammoniac. Theſe ſalts have not yet been exa- 
mined with ſufficient care to enable us to give here 
a particular account of them. M. Eloy Bourſier de 
Cervaux has communicated, in the Lectures of Che- 


T 4 miſtry 


fats, obſerves, that the pyro-ligneous acid, when ſepa- 
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miſtry of Dijon, ſome experiments very ſuitable to de 


termine the elective attractions of the pyro · ligneous acid of i 
Calcareous and barytic earths adhere to it with greater nitrc 
obſtinacy than the alkalis; lime has a ſtronger affmiy red « 
with it than barytes ; and magneſia a ſtronger than an. the 
moniac : and even theſe affinities may ſerve to diſtingui or le 
it from moſt other vegetable acids. It acts alſo upon it is 
many of the metals, and diſſolves moſt of their oxide, acid, 
All kinds of wood, it appears, would afford the ſame wher 
acid by diſtillation; for box, birch, and beech, agree in tanc 
affording one acid. But much inquiry, and many ex. dien 
periments, are neceſſary, before we can be fully acquaint whicl 
ed with the characteriſtic properties of this acid. its c. 
þ tae 0 
4; | princ 
8 IV. Of Tegetable Acids, formed by the Nitric Acid. Will Since 
| ureo 
BERGMAN has proved, that the nitric acid convert i conſe 
ſugar into an acid, which, being at firſt thought peer - cid; 
liar and different from all others, was therefore called I chang 
the ſaccharine acid. Scheele has ſhown this ſalt to de all th 
preciſely the ſame with that which is in part neutralized and d 
by potaſh, in ſalt of ſorrel : this very ſalt is therefore i In 
every reſpect the ſame with the oxalic acid. Seven bear 
modern chemiſts, and eſpecially M. Berthollet, have to Koleg 
ved, that almoſt all animal and vegetable matters afforviF times 
this acid, when treated with the acid of nitre. It dete 
therefore certain, that the baſe or radical principle ol capab/ 
the oxalic acid exiſts in a great many bodies, and, in ge. That 
neral, in all bodies which have been formed by veget- cid, : 
tion, or the functions of animal life. The nitic acl riatic 
acts in an equal and anom manner on all ſuch ſub - berag 


ſtances 
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lunces; it always gives up to them either more or leſs 
of its oxigene, and paſſes into the ſtate of nitrous acid, 
nitrous gas, or even azotic gas, according as it is depri- 
red of a greater or a leſs proportion of its oxigene . As 
the baſe, or radical principle of the oxalic acid, is more 
or leſs copious in the various organic matters in which 
it is found; theſe matters afford more or leſs of this 
acid, when treated with nitric acid. At the ſame time, 
when the acid of nitre is decompoſed by organic ſub- 
ſtances, together with nitrous or-azotic gas, there is alſo 
diſengaged a certain quantity of carbonic acid gas, 
which proves the organic matter to have loſt a part of 
its carbonaceous ſubſtance, and at the ſame time ſhews 
the oxalic, acid, thus. produced, to contain leſs of that 
principle than the ſubſtance from which it is obtained. 
. Since a number of vegetable acids, particularly the tar- 
tareous acid, &c. paſs into the ſtate of oxalic acid, in 
conſequence of being expoſed to the action of nitrous 
xcid ; and ſince carbonic acid is diſengaged while this 
change takes place ; it follows plainly, therefore, that 
all the vegetable acids have the ſame radical principle, 
and differ only in their proportions of oxigene. 

In the Nouvelles de la Republique de Lettres for. the 
year 1785, No. 42. and 44. it was related, that M. 
Kolegarten, by diſtilling nitric acid on camphor, eight 
times ſucceſſively, had obtained from that matter a con- 
crete acid, in parallelipiped cryſtals, of bitter taſte, and 
capable of reddening the tincture of violets and turnſol. 
That ſalt, according to this chemiſt, differs from oxalic 
cid, as being incapable of ſeparating lime from the mu- 
ac riatic acid. With potaſh, it forms a ſalt in regular 
fab fexagons ; with ſoda, a ſalt in irregular cryſtals ; with 
ces} ammoniac, 


= RE” S F 


neſia, a ſoluble, pulverulent falt. It diffolves 


ficient to enable us to enter into a minute account q 


nature and characteriſtic properties muſt then be en 


neutral ſalts will be called camphorates. 


„ 
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ammoniac, priſmatic, or needled cryſtals ; wich ma 


iron, biſmuth, zinc, arſenic, and cobalt. But theſe fat 
which have not yet received confirmation, are not ff. 


the properties of this acid, which is, perhaps, nothing T 
but a particular modification of ſome one of thoſe d bl. 
which we have already ſpoken. And if farther expe. hic 


ments on this acid ſhall diſcover it to poſſeſs peculiz nay, 
properties, different from thoſe of the other acids, n 


mined under the name of the camphoric acid, and it 


M. Brugnatelli diſcovered, in the year 1787, tha 
cork, on which he diſtilled four times its own weigh 
of nitrous acid, left a yellowiſh maſs, thick, acid, ſoluble 
in water, and of a ſour, or rather 4 bitter taſte. Thi 
acid is not ſuſceptible of cryſtallization ; when evapon 
ted by a ſtrong heat, it takes the form of a viſcous m 
like wax, which is ſo ſoft that it may be moulded wit 
the fingers. It is ſoluble in alcohol; on burning coal 
it is reduced to a coal without inflammation ; with earth 
and alkalis, it forms deliqueſcent ſalts, many of whid 
cryſtallize : laſtly, it has as ſtrong an affinity with lim 
as the oxalic acid, and forms with that earth a ſalt th 
is not ſoluble in water, but may be diſſolved in murit 
acid. Without preſuming to ſpeak deciſively of the pt 
culiar nature of this acid, M. Brugnatelli appears, ho 
ever, to think it different from the oxalic acid. Futu 
experiments muſt determine whether this be really 
peculiar acid meriting a ſeparate examination; and 
muſt, in the ſame manner, leave the particular nat 


of that which has been diſcovered by Meſſrs Prouſt and 
Angulo, in the neighbourhood of Madrid, on the ſur- 
faces of grey peaſe, in veſiculæ at the extremity of 
de hairs of that leguminous plant, equally undeter- 
mined. Ya W323 

Thus we have given an account of all known vege- 
table acids. We have ſtill, however, to treat of thoſe 
which are formed by fermentation. But as the chief, 
nay, the only one of theſe acids that is known, is pro- 
duced in conſequence of an alteration taking place on 
liquors that are already fermented, we will give its hiſto- 
y immediately after that of ſpirituous fermentation, and 
in product. N 


CHAP. 


CHAP. VII. 


f Of Saccharine Matter, Gums, and Mucilages, 


"PHE ſaccharine matter, which many chemiſts think 
to be a ſort of eſſential ſalt, is found in a great 

many vegetables, and is to be conſidered as one of their 
immediate principles. —The maple, the birch, the ret 
beet, the parſnip, the grape, wheat, &c. are found to 
contain it. Margraff extracted it from moſt of theſe ve. 
getables. The petals of many flowers, and the neQaria 
placed in thoſe organs, prepare a principle of this kind, 
The ſugar-cane, arundo ſaccharifera, is the plant which 
contains the moſt of it, and from which it is extracted 
with the greateſt advantage. The ſugar-canes ar: 
cruſhed to pieces between two iron cylinders, in a per. 
pendicular poſition. The expreſſed juice falls upon a 
plain ſurface underneath ; and is called melaſſes. It run 
off this ſurface into a boiler with aſhes and lime, where 
it is boiled and ſkimmed ; and, in the ſame manner, it 
is ſucceſſively boiled and ſkimmed in three other boilers; 
and, after undergoing theſe boilings, it receives the 
name 
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ume of fyrup. It is after this boiled anew, by a 
hong heat, and for a conſiderable time, with lime and 
om. After being ſufficiently boiled and concentrated, 
+ is poured into a veſſel called the cooler. When it 
i ſo cool that the finger may be dipped in it without in- 
jary, it is poured into large barrels ſtanding over eiſ- 
eins, and the bottoms of which are perforated with 
holes ſtopped with canes. In the barrels; the ſyrup 
nkes the form of a ſolid maſs, part of it running off 
into the ciſterns. The ſugar, when thus rendered con- 
crete, is yellow and unctuous; it is now called muſco- 


and then pouring it fluid into inverted cones of earthen 
ware, called pans. That part which cannot be render- 
ed concrete runs through a hole in each of the pans, 
into a pot placed below; it is called coarſe ſyrup. The 
baſe of the ſugar-loaf is taken away, and white ſugar 
in powder put into its place, and preſſed well down: 
The whole is then covered with pure moiſt clay, The 
vater of the clay filtrates through the fugar, carrying 
of with it a portion of the mother-water of the ſugar, 
which runs out by the holes in the pans, and is received 
into new pots. This is called fine ſyrup, as being purer 
than the former. A ſecond layer of clay 1s laid on 
when the firſt becomes dry, and the water filtrates through, 
a ſecond time: When the water contained in the ſecond 
layer of clay is drained off, the loaves are removed in- 
to a ſtove to dry. At the end of eight or ten days 
theſe loaves are broken, and ſent into Europe in the form 
of brown ſugar, which is here refined into ſugar of 
different qualities. 

The refining of ſugar is accompliſhed by boiling it in 
lime-water, 


tuch. In the ſugar-iſlands, it is refined by boiling it, 
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or three times, filtrating the liquor, and running it n df » 
pans, to give it the ſhape of loaves. Theſe loaves at: ve 
then coated over with wet clay, the water of which i; ble 
ſuffered to filtrate through them. The filtration is N. Wl cilag 
peated with freſh clay, till the ſugar become ſufficient; i ve! 
white. The loaves are then removed into a ſtove, ad may 
at the end of eight days are wrapped up in paper for WH diltil 
ſale. The ſyrup e eee, be; FIGARO HIT B 
molaſſes. matt 
Chemiſts have W been of opinion, that thele WY the r 
different operations ' ſeparated from ſugar a fat matter, WW put i 
and thereby rendered it ſuſceptible of cryſtallization, WW cf n 
Bergman thinks, that the uſe which the lime ſerves is, WM cont 
to carry off the exceſs; of acid, which hinders it fron Wil ceaſe 
taking a ſolid form. The acid can be no other than the Wl preci 
pyro-mucous acid which is formed by heat, as we have Wil we 
related in the foregoing chapter. As the liquor is expo. Su 
ſed, during the operation, to a violent evaporation, it be. Wi vhic 
comes a granulated, irregular maſs, agreeably to what nim 
has been already obſerved of ſulphate of zinc. baſis 
Sugar is a ſubſtance in ſome meaſure of an interme- WM |! co: 
diate nature between eſſential ſalts and mucilages. h «ils, 
cryſtallizes in truncated hexahzdral priſms. In this ſtate lt m: 
it is called ſugar- candy. It affords, by diſtillation, u. be, 
ter, pyro-mucous acid, and a few drops of empyreums kant: 
tic oil. There is at the ſame time diſengaged from it a i v! 
conſiderable quantity of carbonic acid gas, and of hydro- WW curec 
genous gas, with coal diſſolved in it. The reſidue is 4 Tt 
ſpongy light coal, containing a little carbonate of potaſh. I ga. 
Sugar is inflammable : When laid on burning coal, 0btai 
it melts and ſwells ; it exhales a very pungent acid v- WM =P! 


pour; 
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jour 3 it takes a brown-yellow colour, in conſequence 
of which it recieves the name of caramel. It diſſolves 
tej readily in water. It communicates to it a conſider- 


dle conſiſtency, forming with it a fort of ſaccharine mu- 
age, which has received the name of /yrup. This ſyrup, 


when diluted in water, is ſuſceptible of fermentation ; it 
nay even be converted into a vinous liquor, and alcohol 
diſtilled from it. 

Bergman prepared from all the different faccharine 
matters, eſpecially from ſugar,—oxalic acid, by means of 
the nitric acid. To obtain that acid from theſe matters, 
put into a retort one part vf ſugar in powder, with fix 
of nitric acid: Expoſe the mixture to a moderate heat; 
continue the evaporation for ſome time after red vapours 
ceaſe to pals 3 leave the ſolution to cool; and it then 
precipitates white needled or priſmatic cryſtals, which 
ue concrete oxalic acid. 

Sugar is very much uſed.—lIt is an article of food, 
rhich, when taken in too large a- quantity, heats the 
aimal ſyſtem. It is much uſed in pharmacy, being the 
baſis of ſyrups, lozenges, and ſome other preparations. 
t contributes to diſſolve and ſuſpend in water, reſins, 
oils, &c. It ſerves to preſerve fruits reduced to jelly. 
| may be even conſidered as a medicine; for it is inci- 
ve, aperitive, and, in a flight degree, tonic and ſtimu- 
lant : And accordingly there are ſome inſtances related, 
in which diſorders ariſing from obſtructions have been 
cured by the continued uſe of ſugar. 

There are ſome juices of plants which have a taſte of 
lugar. Manna and nectar are of this kind. Manna is 


| obtained from the leaves of fir, oak, juniper, &c. and 


maple. trees, &c. The aſh, which is very plenteous in 
Calabria 


— 
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| Calabria and Sicily, affords that which is commonly 
l | ſold. It runs naturally from thoſe trees, but is obtained 
in {till greater abundance by making notches in the bay 
| of the tree. That which is received on chips of woo 
| or ſmall ſticks introduced into artificial apertures in thy 
| trees, takes the form of hollow ſtalactites, and is called 
| . manna in tears. Manna in flakes runs down the bark 
WW | and contains ſome impurities. The inferior unQuouy 
4 | | fort contains many extraneous matters, and is formed 
| 
: 


from the refuſe pieces of the two former. It is alway 

humid, and frequently altered. The taſte of man 
na is mild and infipid : That which the latch-tree that 
abounds in Dauphiny affords,” and that of the alhagj, 
which grows in Perſia, around Mount Tauris, are not in 
ule ; the latter bears the name of tereniabin. Manna is 
ſoluble in water; it affords, by diſtillation, the ſame pts 
ducts as ſugar. There is extracted from it, by means 
lime and white of eggs, a matter reſembling ſugar, 
which, when treated with the nitric acid, affords concrete 
oxalic acid. | | 

It is given as a purgative, in dozes of from one to tw 
or three ounces; or, when it is given as a diſcuſhve, 2 
few drachms of it are diluted in a large proportion af 


| water.” medic 
. Another ſort of proper juice is that called gum d, anc 
[ | mucilage. This ſubſtance is very plenteous in the vege- WF or the 
\'l table kingdom. It is found in a great many roots] 3- Gu 
f 'E Young ſtems and leaves, immediately after their appea- ee; 
3 f ance, contain a good deal of it. This principle may bene cal 
A py known by its viſcous adheſive property. In the fealon dat thi, 
. Vol, 


when the juice is moſt copious, it runs naturally dow 


the bark of trees, and thickens into gum on the furface 
| The 
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The gum is ſoluble in water, to which it communicates 
thick viſcid conſiſtency. This ſolution, known by the 
ume of mucilage, becomes, when NA dry, tranſ- 
rent, and friable. 

Cum burns without emitting any Perceptible fame. 
: melts and ſwells upon coals. It affords, by diſtillation, 
good deal of water and pyro-mucous acid, a little thick 
brown oil, and carbonic acid gas, mixed with hydroge- 
nous gas: The reſidual coal is very bulky, and contains 
alittle carbonate of potaſh. 

We know of three forts of gum that are uſed in me- 
licine, and in the arts. 

1. The gum of the apricot, the pear, and the plum 
x, &c. It is either white, yellow, or reddiſh; the beſt 
this fort of gum may be applied to the ſame purpoſes * 
the other gums. A kind of gummy juice, of a 
autiful orange-colour, flows from the elm; conſiderable 
quantities of it are ſometimes found on the bark of the 
tee, I have found this gum to poſſeſs the properties of 
alpidity, inſolubility, viſcidity, with the other charac- 
iſtics belonging to ſuch juices. 

a. Gum Arabic, which runs from the acacia in Egypt 
Id Arabia. Gum Senegal is of the ſame kind; it is uſed 
medicine as a mitigating and relaxing remedy. Cray- 
bs, and ſome other ſuch compoſitions, are indebted to 
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rege- ¶ bor their conſiſtency.) It is uſed in various arts. 

ots:. Gum Adraganth, which flows from the adraganth of 
pear Niete; Aſtragalis Tragacantha. It is adminiſtered in the 
y bene caſes as Gum Arabic; the ſolution of it is ſome- 
-aſon Wat thicker than the ſolution of Gum Arabic; it ſoon 
lown or. III. U depoſites 
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depoſites viſcid flakes, and requires more water to diffoly 
it. is ur! 

Mucilages, of the ſame nature with gums, are obtain 
ed from various plants. The roots of mallows, mark, 
mallows, the greater comfrey, the bark of elm, lintſeed, 
the ſeeds of quinces, &c. afford, by maceration in water, 
viſcous fluids; which, when evaporated to dryneſs, if. 
ford real gums. In medicine, decoctions of theſe plum 
are uſed inſtead of ſolutions of gums, 

All of theſe. matters, chemically conſidered, appen 
at firſt view to be nearly ſimple bodies; for chemie 
operations often offer to our obſervation ſubſtances of i 
gelatinous form, much like that of gums and mucilage; 
yet, from theſe products of vegetation, which appear u 
form a ſort of excrementitious humour, are extraQte 
water, liquid pyro-mucous acid, carbonic acid, an 01 
principle, and fixed alkali united to a coaly reſidue, Thi 
reſidue likewiſe contains a fixed earth, the nature of whid 
is {till unknown. : 

When mucilages and gums are treated with nini 
acid, and its action aſſiſted by heat, they afford or 
acid in cryſtals. They contain therefore the oily orn 
dical principle, which, in combination with oxigene 
conſtitutes this acid. 127 

This analogy between mucilage and ſaccharine matt 
is farther obſervable in that the ſmell of burnt gum! 
much the ſame with that of caramel-—that the produc 
which both afford by diſtillation are of a ſimilar natur 
and that the bulk and levity of the reſidual coal are i 
fame in both. Some of thoſe fruits which become face 
rine, ſuch as apricots, pears, &c. exſude, before they d 
come ripe, a real gum. That ſort of dry mucilage wh 
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te are hereafter to examine under the name of amyla- 
us fecula, ſeems to be converted into ſaccharine matter 
yy germination. Theſe facts, and many others which 
rh. WY night be joined with theſe, ſhew that there is a near re- 
ed, WW [ation between ſugar and gum. Perhaps the inſipid or 
ner, cunmy mucilage paſſes by a ſort of fermentation into 
„be ſtate of a ſaccharine body. Were this an aſcertained 
nd, this fermentation would come in order before that 
phich Boerhaave has called ſpirituous fermentation ; and 
muſt conſtantly precede it, both in the natural proceſs of 
regetation, and in the operations which art employs to 
reduce the ſaccharine taſte in barley, &c. 
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E Oils of a fixed Nature, that are extracted h 
Expreſſion. 


ILS are proper juices, of a fat, unctuous nature 
either fluid or ſolid, not ſoluble in water, lab 
to burn with flame, volatile in various degrees: Thy 
are contained in the proper veſſels, or in particular ye 
culæ. Theſe bodies are found exiſting in two ſtates 
vegetables: They are either combined with other pn 
ciples, as in extracts, mucilage, &c. or they are free, 
not united with any other principle. "Theſe latter © 
Juices are thoſe of which we are here to ſpeak. 
Chemiſts have ſuppoſed the exiſtence of a ſimplee 
principle, as well as of a primitive ſalt. This olly} 
ciple, combined with different ſubſtances, and modi 
by thoſe combinations, conſtituted, according to tie 
the various ſorts of oils that were obtained by at 
vegetables. The characters which they aſcribed to 
ſimple primitive oil, were, great fluidity, an high d 
of volatility, privation of colour and ſmell :—lt bu 
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with fame and ſmoke :—lIt did not combine with water: 
At was thought to conſiſt of water and an acid com: 
lined with an earth and pblagiſton. It is certain that oils, 
ben decompoſed, always afford a ſmall quantity of acid, 
ind a good deal of hydrogenous gas: earth conſtitutes 
hut a very ſmall part of them, for they leave but very 
little fixed carbonaceous reſidue. 'I'his notion of the 
oily principle deſerves to be viewed only in the light of 

j an hypotheſis. 

Oils are never formed by any but organic beings ; 
nd ſuch bodies in the mineral kingdom as are of an oily 
nature, always owe their origin to the action of vegetable 
or animal life. It is even highly probable, that vege- 
ables are the only bodies in which oils are formed; and 
that they paſs without alteration from vegetable 1 into 
mimal bodies. 

The oily juices of vegetables are e diſtinguiſhed into 
ixed oils and volatile oils. 

Fixed oils, called alſo fat oils, ſweet oils, oils by expreſſion, 
ne very unctuous: they have generally a mild and in- 
ſpid taſte, and no ſmell ; the heat requiſite to volatilize 
dem is above that of boiling water; and they never 
ake fire till they are brought to that degree of heat 
much is requiſite to volatilize them. Alt is for this pur- 
jole the wick uſed in burning fixed oil in lamps is em- 
oyed; it heats the oil to volatilization. 

Moſt fixed oils are fluid, and require no conſiderable 
legree of cold to render them ſolid : Others, again, loſe 
ir fluidity by the lighteſt cold; and, laſtly, there are 
ers always ſolid : Theſe laſt are called, but very im- 
operly, vegetable butters. | 
U 3 Fixed 
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Fixed oils never flow from the ſurfaces of vegetables 
They are contained in the kernels, the pippins, and emul. 
five' ſeeds. They are extracted by bruiſing the line 
cells in which they are contained; that is, by pounding 
and ſqueezing. * . 
Fixed oils, when expoſed to the air, are altered, and 
become rancid; their acid is liberated ; they loſe the pro. 
perties which they poſſeſſed, and acquire others, in con. 
ſequence of which they are nearly aſſimilated to volatile 
oils; Water and alcohol carry off the acid, and thus de. 
ſtroy their rank taſte, but never reſtore them to their 
primary ſtate.  M. Berthollet has diſcovered, that fa 
oils, when expoſed to air, by being thinly ſpread over 
the ſurface of water, become thick, and afſume pretty 
much the ſame appearance with wax. It is at preſent 
known as an undeniable fact, that this thickening of oil 
is owing to their abſorbing oxigene from the atmoſphere; 
for all ſubſtances that contain this principle, and reſign 
it to fixed oils,—as for inſtance, many of the acids, eſpe 
cially the oxigenated muriatic acid, and metallic oxide 
—thicken fixed oils, and reguce them to a ſtate in whic 
they reſemble wax. | 
Fixed oils afford by diſtillation a little water, contain 
ing a very acrid pungent acid, ſome light oil, a thick 
oil, and a large quantity of hydrogenous gas, mixed wit 
carbonic acid: They leave but very little reſidual coz 
By diſtilling theſe products a ſecond time, pure ſeback 
acid is obtained, of which we will have occafion to ſpe: 
in the animal kingdom, and ſome oil, ſtill lighter that 
what was before obtained. —This oil is improperly calle turatec 
philoſophers oil. The alchemiſts prepared it by diltiling cauſtic 
ſeveral times ſucceſſively, a brick impregnated with hx ume 
; Tn ol 
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et; gil, It is not perfectly known how far this decompoſition 
may be carried: formerly, indeed, it was ſaid that a 
ne red oil might be reduced to a free inflammable prin- 
ling WY ciple ; into water, acid, air, and earth. 

Cold water eſfects no alterwon on fat oils ; it puriſies 
ud them by carrying off a part of their mucilage, which is 
pro. WY likewiſe precipitated when they are ſubmitted to com- 
con- buſtion, and is the principle that renders them ſuſcep- 
atile WJ tible of fermentation, and liable to become rancid.—lt 
de. i well known, that water caſt upon theſe oils, when 
heir WY burning, inſtead of quenching, cauſes them to burn 
tu with new violence: the reaſon of which is, that the wa- 
over ter, being decompoſed, ſupplies oxigene to the oil, and 
at the ſame time gives out a good deal of hydrogenous 
gras. When the vapour which proceeds from fixed oil 
in combuſtion, is collected into a chimney terminating in 
a worm-pipe, | à conſiderable quantity of water is ob- 
tained ; which proves this immediate principle of vege- 
tables to contain hydrogene. 

Fixed oils do not combine with ſiliceous earth: With 
clay, they form a ſoft paſte, which is employed in chemi. 
cal manipulations, under the name of fat lute. 

They combine, by particular proceſſes, with magneſia, 
and are thereby reduced to a ſaponaceous ſtate. 

Lime combines with them, but not in a very diſcern- 
ible manner, when the combination is immediate. Pure 
akalis combine eaſily with fat oils, producing by this 
combination what is called ſoap. 

[n makiag ſoap, oil of olives or. ſweet almonds is tri- 
turated with a concentrated lixivium of ſoda, rendered 
cauſtic by lime; and this preparation is known by the 
tame of /-2p-/ye.—In the courſe of a few days, the mix- 
U 4 ture 
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ture becomes thick, and forms medicinal ſoap. Common phy 
ſoap is prepared by boiling the lixivium with altered bitu 
oil; it is then white. Green Toap is made up of the je. the 
fuſe of olives and potaſh. of 
Soap diſſolves in pure water: Heat decompoſes it, di. 1 
engaging from it phlegm, oil, and ammoniac, formed in WM reo. 
conſequence of the decompoſition of the fixed alkali ant nd 
the oil; the coaly reſidue contains a good deal of fixed dy 
alkali. This artificial compoſition of ammoniac ſeem; Wi vith 
to prove, that there is azote in the fixed alkali, which Wl the e 
re· acts upon the hydrogene of the oil. 40nd 
Lime-water decompoſes ſoap, as has been remarke( Tt 
by M. Thouvenel ; an inſoluble calcareous ſoap is then Wi {tle 
formed, and depoſited in ſmall lumps. Acids, poured on Wi crcr, 
ſoap, diſengage the oil, ſomewhat altered. certal 
Ammoniac does not eaſily combine with fixed oils: Wi nated 


however, by long trituration, the mixture acquires ſome Wl izems 
degree of conſiſtency, and becomes opaque. rene, 

Fixed oils combine with weak acids to form peculiar to wa 
ſoaps. Meſſrs Achard, Cornette, and Macquer, have We 
examined theſe compounds, M. Achard formed then fixed 
by pouring ſlowly a quantity of concentrated ſulphurichW neutr: 
acid upon the fixed oil, By continued trituration, vous 
mixture is formed into a brown maſs, ſoluble in wat dec 
and alcohol. The oil obtained from it by the inte. 
vention of alkalis, is always more or leſs concrete, is 
well as that obtained by diſtillation. Macquer advise 
to prepare this ſoap by pouring acid on the oil; bu 
he informs us, that an acid ſoap, formed in this mat 
ner, is ſcarce ſoluble in water; that which is prepare 
of concentrated ſwIphuric acid, triturated with commot 


®*ikaline ſoap, is more ſoluble, The concentrated iu 
phun 
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phuric acid blackens fixed oils, and aſſimilates them = 


on 
red bicumens- This phenomenon ſeems to be produced by 
rs. WHY + re. action of the hydrogene of the oil on the oxigene 
of the acid. | 
di. The fuming nitrous acid blackens fixed oils inſtanta- 
din WJ :-oufly, and cauſes ſuch as are of a dry nature to kindle 
and WW end emit a flame.” Thoſe, again, which cannot be ſo rea- 
xed dy dried, require to kindle them a mixture of this acid 
em WH vith the acid of ſulphur, as has been ſhown by Rouelle 
hich che elder, in his Memoir on the Inflammation of Oils. 
Academy, year 1747. | 
rked The muriatic and the carbonic acids act with but 
then WW little ſtrength on fixed oils.— The former of theſe, how- 
dea ger, in a concentrated ſtate, combines with them to a 
certain degree, according to M. Cornette. The oxige- 
oils: Wi nated muriatic acid thickens them a good deal, and 
ſome BW tems to make them paſs, by the abſorption of its oxi- 
rene, into a ſtate in which they dear a great reſemblance 
uli to wax. 
have ll We know nothing of the action of the other acids on 
them fixed oils. It appears that they do not combine with 
durie veutral ſalts. Several of theſe, and eſpecially all calca- 
„ ths rcous ſalts, decompoſe alkaline ſoap. In this inſtance 
water o! decompoſition, particularly when ſulphate of lime, or 
inter of magneſia, which is often found in union with waters, 
te, A Lecompoſes this ſoap, the ſulphuric acid combines with 


dviſes 


tte fixed alkali of the ſoap, and thereby forms ſulphate 


of ſoda; the lime or magneſia combines with the oil, 
ind produces a ſort of ſoap that is ſcarce ſoluble, and 
Kims in whitiſh, lumps on the ſurface of the water. 
this is the cauſe of the common appearance produced 
by dard waters, which curdle ſoap, but do not diſſolve it. 
2 The 


plaſters. Theſe preparations have not been yet chemi- 


mr _ 
yet been examined. * 
Thbeſe oils diſſolye n * their aca is af. of © 
ſoap 

ing 

$ 


ſiſted by a boiling heat. The ſolution is of a dark red 
colour, inclining to brown. It has a very fcetid ſmel. 
It depoſites, by degrees, ſulphur in cryſtals, On diſtil 
ling this combination, the ſulphur is volatilized, being 
fo completely diſſolved in the hydrogenous gas that i 
diſengaged from the oil, that not an atom of it is to be 
afterwards found. This fact deſerves to be more par. 
ticularly inquired into. There is alſo à little ſulphy, 
reous gas obtained by this decompoſition, 

Fixed oils ſeem not to be ſuſceptible of combination 
with pure metallic ſubſtances, excepting iron and cop. 
per, upon whch they act in a ſufficiently diſtinct manner, 
But they combine with metallic oxides, and form with 
them thick concrete combinations, of à ſoapy appear- 
ance, as is obſervable in the preparation of unguents and 


cally examined : only we know, that ſome metallic 


oxides are reduced in the making up of plaſters; a Fix 
for inſtance, oxide of copper in the Divine Plaſter, and they : 
litharge, or oxide of lead, in the ointment de la nem efect 
In the aſſaying of metals, fixed oils are employed to e which 
duce the metallic oxides. M. Berthollet has given a Pat 
ingenious and ſimple proceſs for effecting inſtantaneouinly To 

a real combination between fixed oil and any metaſiq fxed 

oxide, that is, for preparing a metallic ſoap. It conlilgh zcids, 
in pouring a metallic ſolution into a ſolution of comme of ſul 
ſoap. The acid of the metallic ſolution combines uit 1. C 
the fixed alkali of the ſoap; and the metallic oxide ili tween 
then precipitated in union with the oil, to which i ruſhes 


2 communucat 


communicates à colour. In this manner, ſoap of a 
beautiful green colour may be prepared with ſulphate 
of copper; and with ſulphate of iron, a clear deep brown 
ſoap. Theſe compounds _ be very uſeful in paint- 
ing. 

Seck has diſcovered, his when oil of ſweet al- 
monds, olives, rapeſeed, or lintſeed, is combined with 
axide of lead, with the addition of a little water, there 
is a matter ſeparated from the oil, which ſwims on the 
ſurface of the liquor, and to which he has given the 
name of the mild principle. On evaporating this ſuper- 
natant water, the principle diſſolved in it cauſes it to take 
the conſiſtency of ſyrup ; when expoſed to a ſtrong heat, 
{ takes fire: one part is volatilized, in diſtillation, with- 
out burning: the coal which it leaves is light: it does 
not cryſtallize ; nor does it ſeem to be ſuſceptible of 
fermentation. Nitric acid diſtilled on this matter, four 
times ſucceſſively, changes it into oxalic acid. This 
mild principle of Scheele's appears to be a ſort of mu- 
cilage. 

Fixed oils diflolve bitumens, particularly amber; but 
they muſt be aſſiſted by the action of heat, in order to 
effect this ſolution. They form a ſort of greaſy varniſh, 
which does not readily become dry. 

Fat oils may be diſtinguiſhed into three genera : 

To the jirft claſs belong ſuch pure fixed oils as are 
fred by cold, are lowly thickened, form ſoaps with 
acids, and are kindled only by a mixture of the acids 
of ſulphur and of nitre. Such are, 

1. Oil of olives, obtained by bruiſing that fruit be- 
tween two millſtones, and preſſing it in bags made of 
ruſhes. That which rung firſt is called ir gin off ; that 

which 
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which is obtained from mark ſprinkled with water is dot 
| ſo pure, and depoſites a lee; that obtained from unripe 
3 olives, is the oleum omphacinum of the ancients. Oil gf 
olives freezes at 10? degrees under Zero in Reaumyr; 
thermometer, or 10x above that point in Fahrenheit: 
and will ſtand about twelve years without becoming 
rancid. 
2. Oil of ſweet almonds, extracted without the appli. 
cation of heat, becomes very ſoon rancid : it freeze; 
at 6* under o in Reaumur's _ or 174 of Fahren, 
heit's. 
3. Oil of rapſeed, obtained from ws ſeed of a kind of 
cabbage called colſa. 
4. Oil of ben, extrated from the ben-nut of Egypt 
and Arabia.. It is very acrid, and deſtitute of ſmell, 
| It freezes very eaſily, 
| The ſecond genus comprehends oils ſubject to become 
dry, which are very eaſily rendered thick, are not fixed 
by the action of cold, are kindled by the nitrous acid 
alone, and form, with ſulphuric acid, a ſort of reſin, 
Such are, 

1. Lintſeed-oil, obtained by preſſure from lintleet 
roaſted. It is uſed for oily varniſhes, and in paint. 

ing. 

2. Oil of nuts, applied to the ſame uſes. 

3. Oil of carnations, or poppy ſeed ; which, as has 
been fully proved by the Abbe Rozier, is not at al 
narcotic. 

4. Oil of hempſeed, which is very a 

Under the third genus, we comprehend concrete fix- 
ed oils, or vegetable butters ; among which we may di 

tinguiſh the following: 


li 
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1. Butter of cacao, extracted from the cacao-nut.— 
There are four ſorts of cacao ; the large and the ſmall 
caracca, the berbice, and that of the Iſlands. This but- 
ter is extracted from the nut boiling in water; it is 
purified by melting it by a very moderate heat. 

2, The coco affords a ſimilar butter. 

3 Vegetable wax is of the ſame nature, only more 
ſolid. It is the production of China. It is there made 
into yellow, white, or green candles, the colour vary- 
ing with the manner in which the wax is extracted. 
The catkins of birch and poplar afford a ſmall quantity 
of a ſimilar wax.— That of Louiſiana is more plenteous. 
M. Berthollet eaſily whitens it with oxigenated muriatic 
acid. — 
Fixed oils are much uſed in the arts, and in medi- 
cine, and are applied to various purpoſes. In the latter 
they are uſed as ſoftening, relaxing, calming, and laxative 
medicines. ' Some of them are even purgative; as, for 
inſtance, the Oleum Ricini, wluch has been found to 
deſtroy the tænia, or ſolitary worm, and cauſe it to be 
evacuated. They enter into a great many compound 
medicines, ſuch as balſams, unguents, and plaſters.— 


Laſtly, they are ſometimes uſed as ſeaſoning, or food, 


on account of their agreeable taſte, and the mucilage 
which they contain, 
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Of Volatile Oil. 


T OLATILE or effential oils are diſtinguiſhed from 
fixed oils by the following peculiar properties. 
Their ſmell is ſtrong and aromatic: They are ſo vol. 
tile, that they may be diſtilled by the heat of boiling 
water: Their taſte is very acrid: They are much more 
combuſtible than the other claſs of oils. 

Theſe oils are found to exiſt in almoſt all odorous 
plants. They are contained either in the whole plant, 
as in the angelica of Bohemia, or only in the root of 
the plant, as in ſtarwort, the iris, white dittany, and 


kidney; or in the ſtem, as in ſandal, ſaſſafras, and pine- Vol 
wood; or in the bark, as in cinnamon. Sometimes i bergar 
is confined to the leaves, as in balm, peppermint, worm. : By 
wood, &c. In other plants, it is found in the calices d: cop 
the flowers: Of this kind are the roſe and lavender; de oil 


the petals of camomile and the orange. flower are fillet Wt ir a 
with it. It is, at other times, fixed in the fruits, as in Vol: 


cubebs, pepper, and juniper-berries. Laſtly, A number Wi: de. 
of 
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i regetables contain it in the ſeed ; ſuch as nutmeg, 
mile, fennel, and the many umbelliferous plants. 

Theſe oils differ from one another, 1. In their quan- 
ir, which varies according to the ſtate or age of the 
pant: 2. In conſiſtency; ſome are very fluid, ſuch as 
hoſe of lavender, rue, &c.; ſome congeal by cold, ſuch 
; oil of aniſe, and fennel ; others are always concrete, 
of which kind are the oils of roſes, parſley, kidney-wort, 
1nd ſtar- wort: 4. In colour; ſome are deſtitute of co- 
pur; others, ſuch as oil of lavender, are of a pale yel- 
ow; or a dark yellow, as oil of cinnamon; or blue, 
z oil of camomile ; or ſea-green, as oil of St John's- 
vort; or green, as oil of parſley: 4. In gravity; ſome 
{vim on the ſurface of water, moſt of thoſe, indeed, that 
ne produced in temperate countries; others fink to the 
bottom of that fluid, as oil of faffafras, of carraway-ſeeds, 
and moſt oils of this kind from hot countries: this pro- 
perty, however, is not conſtant with reſpect to climate, 
fr the effential oils of pepper, nutmegs, and mace, &c. 
ne lighter than water: 5. In taſte and ſmell; the taſte 
of an eſſential oil is often very different from that of 
tie plant from which it was extracted; pepper, for in- 
tance, affords, a mild oil, and oil of wormwood is not 
bitter. 

Volatile oils are extracted, 1. By preſſure, from codra, 
bergamot, lemons, oranges, &c. ; this is called eſſence - 
By diſtillation ; the plant is put into the cucurbite of | 
copper alembic, with water; the water is boiled, and 
de oil paſſes together with the fluid, and gathers above 
in a receiver prepared for their reception. 

Volatile oils are adulterated either by fixed oils, which 


detected by their ſtaining paper; or by oil of tur- 


pentine, 
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pentine, which may be diſcovered by the ſtrong ſacl 
peculiar to turpentine, which always remains after the 
eſſential oil is evaporated; or by alcohol; and then va. 
ter, by rendering the mixture turbid, deteQs the al. 
teration produced by this ſubſtance.. 
Volatile oils loſe their ſmell by a moderate heat,. 4; Mi 
they are fo very volatile, fire does not decompoſe them. They 
When heated in cloſe veſſels, they give out a large I palm 
proportion of hydrogenous gas. When heated in conta ntiſe 
with air, they take fire ſpeedily, and exhale a very this WW jones 
ſmoke, which is condenſed into a very fine, light, carbo- : 
naceous matter: They leave but very little eoaly reſidue 
after inflammation, being ſo volatile, that the carbona- 
ceous matter is carried off along with ne part that i 
volatilized. 
When expoſed to the air, they bee thick, and, 
in proceſs of time, are converted into reſins. They de. 
polite needled cryſtals, like thoſe of ſublimated cam- 
phire. Geoffroy the younger obſerved theſe cryſtals in 
the volatile oils of mother-wort, marjoram, and turpen- 


| fine. Their ſmell, he informs us, is much the ſame 


with that of camphire. Acad. 1721, page 163. 

They combine with ſeme diſticulty with lime and 
alkalis ; and form with theſe ſubſtances imperfe& ſoaps, 
to which we give the name of /aponule: Acids alter 
them; the concentrated ſulphuric acid changes them 
into bitumens ; when weak, it forms with them a lon 
of ſoap. The nitrous acid inflames them; the mit 
riatic acid reduces them to a ſaponaceous ſtate ; ths 


Vol. 


cxigenated muriatic acid thickens them. 


They act not upon neutral ſalts. 


Ther 


* 
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They combine very eaſily with ſulphur, with which 
they form compounds that are called ba/ſams of ſulphur, 
which the ſulphur is ſo divided that it cannot be ex- 
ted, but is ſeparated by heat in the form of ſulphu- 
nted hydrogenous gas. 

Mucilages and ſugar render them ſoluble in water. 
They are uſed in medicine as cordials, ſtimulants, anti- 
paſmodics, &c. Externally applied, they are powerful 
ntiſeptics, and ſtop the progreſs of caries in the 
bones. 


Var, III. 
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Of the Camphorate Principle. 


NAMPHOR is a white matter, concrete, cryſtalline 
and of a ſtrong taſte and ſmell ; in ſome oft 
properties nearly allied to volatile oils, but widely di 


tinguiſhed from them by others. | er, coy 
Chemiſts have, from a great variety of obſervaton , a 
concluded camphor to be an immediate principle of ted 
getables, which, they think, exiſts in all highly oder lar 
plants that contain volatile oil. It has, in fact, e Du 
obtained from the roots of the cinnamon tree, zedo , an 
thyme, roſemary, ſage, and many other labiated pla nphor 
either by diſtillation or decoction, as has been obſer Camp] 
by Cartheuſer and Neumann. But the quantity of tl u; for 
camphor thus obtained is very ſmall, and it always if ©7 tall 

tains a ſmell of the plant from which it was extrad ale, 
This ſingular ſubſtance appears to be combined witli = 
thus n 


volatile oils of theſe vegetables, as thoſe oils have be 
obſerved by Geoffroy to depoſite needles of campli 


I have ſeen, in the poſſeſſion of M. Joſſe, apothecar) 
Py 
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puis, true camphor extracted from the root of elecam- 
ane. Lorry thought camphor a very general principle 
q vegetables, and placed its aromatic flavour at the head 
of 2 claſs of very powerful odours, the effects of which 
in the animal ceconomy well merit the attention of 
jbyficians. M. Prouſt has publiſhed a Diſſertation, in 
nich he deſcribes a proceſs for obtaining camphor in 
conſiderable quantity from the oils of ſeveral aromatic 
jlents that grow in Mureil. 

The camphor uſed in medicine is extracted from a 
brt of bay- tree that grows in China, Japan, and in the 


y large and pure tears of eamphor may be obtained 
hom it ſolely by ſplitting the wood. It is commonly, 
meyer, extracted by diſtillation. The roots, or other 
arts of the tree, are put into an iron alembic, with was» 
r, covered over with a capital, containing ropes of rice- 
nw, and thus expoſed to heat. The camphor is ſub- 
mated in ſmall greyiſh grains; and theſe {again unite 
ito larger pieces. This crude camphor is impure. 
Ihe Dutch purify it by ſublimating it in a ſort of bal- 
, and adding an ounce of lime to the pound of crude 
mphor. 

Camphor is much more volatile than the eſſential 
8; for the gentleſt heat is ſufficient to ſublimate it. 
cryſtallizes in hexagonal plates, with a ſtem in the 
dele. When a ſtrong heat js applied, it melts before 
Matilizing, It does not appear to be decompoſable 
this means: however, when diſtilled a number of 
nes ſucceſſively, it affords a reddiſh phlegm, evidently 
m acid nature; and this ſhews, that if the proceſs 
X 2 were 


les of Borneo, Sumatra, Ceylon, &c. The tree which 
xroduces it, often contains it in ſuch abundance, that 
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were carried farther, its nature might at length be 20 
tered.” The temperature of ſummer is ſufficient to 30. 


lattlize camphor. When expoſed to the air, it is en. ha 
tirely diſſipated and loſt ; when incloſed in cloſe veſck de 
it is ſublimated in hexagonal pyramids, or in polygy T 
cryſtals, which were, in the year 1756, obſerved and 4. & t 
ſcribed by Romieu. It exhales a ftrong ſmell, too frond Wh: 
indeed for the nerves of ſome people to bear. It take curb 
fire very eaſily, burns with a good deal of ſmoke, Wan t 
teaves no coaly reſidue. | ed | 
It is not ſoluble in water; it will, however, comm {anc 
nicate its ſmell to water: it burns on its furface, Roi foluti 
mieu has obſerved, that ſmall pieces of camphor, a Ne 
third, or one fourth of a line in diameter, when Mn wt 
into a glaſs of pure water, move round, till they are WW labita 
length diſſolved in about the ſpace of half an hour. nich i 
ſaſpe&s this motion to be an effect of electricity; a The 
obſerves, that it ceaſes when the water is touched will the he 
any body that can act the part of a conductor, ſuch Wi ite, by 
iron-wire; and that, on the contrary, it {till continua thoſe : 
though the water be touched with an inſulating bo böte; 
ſuch as glaſs, reſin, ſulphur, &c. nents \ 
Earths, ſalino-terrene ſubſtances, and alkalis, are WF bich 
capable of acting on camphor. We muſt obſerve, b der, e 
ever, that the power of cauſtic alkalis on this ſubltagy when v 
has not yet been brought to trial. ad to 
Acids, when concentrated, diſſolve camphor. 1 {ton of 
ſulphuric acid diſſolves it, with the help of heat: then mu 
lution is red. The nitric acid diſſolves it flowly: Wob(crve 


proceſs 
Cam; 
medici 


ſolution is yellow. As it ſwims over the acid it 
ſame way as oils, it has been improperly called“ 
camphor. M. Koſegarten has diſcovered, as has 

1 75 
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«ken notice of in the VIlth Chapter, that the nitric acid, 
wen diſtilled eight times ſucceſſively upon camphor, 
changes into a cryſtallizable acid, which he thinks to 
te of a peculiar nature. 

The muriatic acid gas diſſolves camphor ; ſo likewiſe 
o the ſulphureous acid gas, and the fluoric acid gas. 
When water is poured into theſe ſolutions, they become 
wrbid ; the camphor is ſeparated in flakes, which ſwim 
on the ſurface of the liquor, and appear to have ſuffer- 
no alteration. Alkalis, the falino-terrene ſub- 
ances, and metallic matters likewiſe precipitate theſe 
ſolutions. 

Neutral ſalts act not upon camphor. We know not 
in what manner ſulphur and bitumens act upon this 


vit it. 
The fixed and the volatile oils diſſolve camphor with 
the help of heat. Theſe ſolutions, when cooled, depo- 
ſte, by degrees, cryſtals in a vegetative form, ſimilar to 
thoſe that are formed in ſolutions of ammoniacal mu- 
nate; that is, conſiſting of a ſtalk, with very fine fila- 
nents extending from it horizontally. Theſe filaments, 
which in their diſpoſition reſemble the heard of a fea- 
ther, exhibit a very beautiful and regular appearance, 
when viewed through a microſcope. We owe this fine 
at to Romieu, (Academy 17 56, page 448.) The ſolu- 
tion of campbor in alcohol, which is much better known, 
nd much more in uſe than the preceding ſolution, was 
obſerved by the ſame chemiſt to afford, by a particular 
proceſs, a ſpecies of cryſtallization ſomewhat different. 
Camphor is one of the moſt potent remedies which 
medicine employs. It diſpels inflammatory tumours in a 
X 3 very 


ſubſtance ; but they are probably capable of combining 


tiſeptic medicine, in infectious diſtempers, the malignant 
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very ſhort time: It is uſed as an antiſpaſmodic and an. 


fever, and all diſeaſes in general that are attended vid 
affections of the nerves and putridity. In France, it is 
given only in doſes of a few grains: In England ang 
Germany, they go ſo far as to give it in doſes of ſeven] 
drachms a-day. It is alſo worthy of being mentioned, 
that camphor alleviates burnings, and pains in the uri. 
nary paſſages, ſo ſpeedily often as might tempt the pz 
tient to think his relief the effect of enchantment. It i 
given either triturated with the yolks of eggs, ſugar, 
and gums, or in the ſtate of oil of camphor, and alway 
in certain drinks prepared ſor the purpoſe. Surgeon 
apply camphorated ſpirit of wine, of the compoſition of 
which we ſhall hereafter give an account, to external 
gangrenes; and the liquor often puts a ſtop to thei 
progreſs. N 


CHAP, 


B® 
| 

yery li 
proper 
fluenct 
our NC 
ritus 7 
grema. 
The 
volatil. 
dileng: 
tous at 
ditfer: 


and tl 


ue pl 
it only 
be in! 


—— — 
with | 
It ij 
and S H A N II. 
eral R 


Of the Spiritus Rectar, or the Aromatic Principle of 
Plants. | 


DAA gives the name of piritus rector to 
that principle to which plants owe their ſmell: 
jery little, however, is as yet known concerning the 
properties of this ſingular ſubſtance, which, from its in- 
fuence on the animal ceconomy, ſo ſtrongly attracts 
our notice. We uſe the name arema, inſtead of Hpi- 
ritus rector, deriving it from the well-known term 
aromatic. a | 
The aromatous principle of plants appears to be very 
rolatile, very fugitive, and very ſubtle ; it is continually 
uſengaged from plants, forming around them an odo- 
tous atmoſphere, of a wider or a narrower extent. Plants 
lifter all froͤm one another in the quantity, the ſtrength, 
and the nature of ' their aromatous principle. Some 
ue plenteouſly provided with this principle, and loſe 
it only in part when dried, ſo that it would appear to 
be in ſome meaſure fixed in them: of this kind are in 
X 4 genera! 
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general all odorous woods, and all the dry and ligneom Wl «ils, 
odorate parts of vegetables. In others, this principle i b of 
ſo fugitive and volatile, that though they be ſtrongly Wl ve 
odorous, they can ſcarce be rendered permanently o «il o 
Laſtly, there are ſome plants which poſſeſs the odorou alter 
principle in ſo low a degree, that they are ſaid to be in. Wl to a 
odorous, and their aroma has been diſtinguiſhed as her. WI fow: 
baceous. | perm 
The ſlighteſt degree of heat is ſufficient to diſengage WW affor 
the aroma of plants. To obtain it, the plant muſt be from 
diſtilled in a balneum-marie, and its vapours received in. tillat 
to a cold capital, which may condenſe, and condud volat 
them in a fluid ſtate into the receiver. The product ́ nell 
pure odoriferous water, and is known by the name d quan 
eſſential or diſtilled water. This liquor is to be confi. readi 
dered as a ſolution of the odorous principle in water. vith 
That principle is more volatile than the water in which chic 
it is diſſolved. This aromatic water, when heated, loſes Th 
by degrees all its ſmell, and becomes infipid. It ſuffer not y 
the ſame alteration when expoſed to air; it then de. that 
poſites very light flakes, of a mucilaginous appearance, ſmell 
and acquires a ſmell of mouldineſs. arom 
The principle of ſmell combines with oily juices; ni gree 
even appears to conſtitute one of the elementary prin are u 
ciples of volatile oils ; for, 1. Theſe oils are always im. Th 
pregnated with it: 2. Thoſe plants in which the pris plant: 
ciple of ſmell is conſiderably fixed, afford invariadin to w 
more volatile oil than thoſe of which the ſmell is ve think 
fugitive ; many of which, as, for inſtance, thoſe of the mab!. 
lily kind, often afford no volatile oil at all. The aromi that i 
of this latter claſs of plants, ſuch as the tuberoſe andi at ot 
the odoriferous lily, needs to be combined with fix t-r5, 
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offs, in order to prevent its eſcape. The jaſmine, too, 
of the ſame character. The flowers of theſe plants 
zre put into a tin cucurbite with cotton, moiſtened with 
oil of ben; the flowers and the cotton are diſpoſed in 
alternate layers; the cucurbite is then ſhut, and expoſed 
to a gentle heat: 'The aroma, diſengaged from the 
fowers, then combines with the oil, fo as to become 
permanently fixed, 3. Plants that have no ſmell, never 
ford a ſingle particle of volatile oil. 4. Vegetables, 
from which aromatic water has been extracted by diſ- 
tllation on the balneum-mariz, no longer afford any 
volatile oil; at leaſt, unleſs they till retain ſome little 
ſmell; and even in that caſe they afford but a very ſmall 
quantity of oil. 5. Volatile oil that has loſt its ſmell, 
readily regains it with all its properties, when diſtilled 
with a freſh plant of the ſame ſpecies with thoſe from 
which it was at firſt extracted. 

The action of ſaline matters on aromatic water has 
not yet been examined. M. Berthollet has diſcovered, 
that the oxigenated muriatic acid often deſtroys the 
ſmell of vegetables, and -of conſequence alters their 
aroma. It has of late been uſed to determine the de- 
gree or intenſity of the aroma of ſeveral ſubſtances that 
ue uſed as perfumes. | 

The nature of this principle is not the ſame in all 
plants ; it varies according to the genera of the plants 
to which it belongs. Macquer follows Boerhaave in 
thinking, that it is generally a compound of an inflam- 
mable ſubſtance with a ſaline matter ; but obſerves, 
that it ſometimes partakes more of a ſaline nature, and 
at other times approaches nearer in nature to oily mat- 
ters. The aroma of cruciform plants, he thinks to be 
ſaline ; 
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faline ; and aſcribes to it to the characteriſtics of being 
pungent and penetrating, yet not affecting the nerye,, 
That, again, which is inſipid, or ſtrong, but not pungen, 
and affects the nerves, ſo as either to occaſion, or 10 
mitigate, fits owing to the particular Rate of the neryou; 
ſyſtem, effects which aromatic and narcotic plant 
uſually produce ;—that, according to this celebrate 
chemiſt, has more of an oily than of aſaline nature. ge. 
veral facts concur to ſupport this opinion. The fraxi. 
nella diffuſes an odour which forms an inflammable at. 
moſphere around it; and whenever a burning body 
comes within this atmoſphere, it takes fire; and the yz. 
pour then burns from the lower to the upper part of 
the ſtem that ſupports the flowers. 

The aroma of the fraxinella ſeems therefore to be of 
an oily nature. Venel, a chemiſt at Montpelier, who cannot 
ſtudied under Rouelle, extracted an acid ſpiritus red WM here ir 
from ſavoy (marum)/by a gentle heat; and Roux, pro- may m 
feſſor of chemiſtry in the ſchools of medicine, having WM vides t! 
examined the product, found that it did not redden c. ¶ poiſonc 
getable colours, but ſaturated alkalis. With reſpet to 
the aroma of cruciform plants, chemiſts are not yet 
. agreed concerning jts nature. - Some think it acid; 
others call it alkaline. It appears from the experiment 
of Meſlrs Deyeux and Baume, that ſujphur is found in 
combination with the odorate principle of antifcorbutic 
plants; and that it is this combuſtible body, reduced u 
the ſtate of elaſtic fluidity, by combination with hydro 
gene, which conſtitutes the aroma of cruciform plants. 
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There are yet two important obſervations to be ma Our { 
concerning the aroma of plants. In the firſt place, ¶ cude th, 
is perhaps, as Macquer ſuſpected, a gas of a peculiar at tho 


ture 
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ure: its inviſibility, its volatility, the manner in which 


; i diffuſes itſelf through the atmoſphere, its power of ex- 
„ jaoon, together with ſome experiments by Dr Iugen- 
o bouſz on the noxious gas exhaled from flowers, render 
u this opinion highly probable.— What we want to deter- | 
its nine this point, is a ſeries of experiments, which would 
od WJ indeed require to be performed with the utmoſt care and 
e. :ccuracy, but would certainly accompliſh ſome noble 
«i. ud uſeful diſcoveries. Boyle has already opened a wide 
it. WJ field of inquirr concerning ſmells, their alterability and 
dy WY reciprocal combination: and that train of reſearch has 


deen very ſucceſsfully proſecuted by Lorry. This philo- 
ſopher has obſerved the alterations produced on them 
by mixture with one another, by fermentation, and by 


of WY the ation of fire, air, and different menſtrua.—We 
ho WY cannot, without making an improper digreſſion, enter 
tor WY here into a particular detail of his experiments; but we 
- may mention his general diviſion of ſmells. Lorry di- 


vides theſe bodies into five claſſes, camphorate, æthereal, 
poiſonous, or narcotic, acid, and alkaline: All ſmells 
may, in his opinion, be referred to ſome one of theſe 
claſſes. In explaining the grounds on which he eſtabliſhes 
this diviſion, founded on the manner in which ſmells af- 
fect the ſenſe of ſmelling, and the nerves in general, 


chemical nature: But it is probable, as he himſelf thinks, 
at thoſe of each claſs are nearly of the ſame nature in 
relpett to chemical properties, as well as to the manner 
n which they affect the animal ceconomy. 

Our ſecond obſervation, and with it we mean to con- 
clude the chemical hiſtory of the principle of ſmell, is, 
lat though the plants which have been called inodo- 
rous, 


Lorry informs us, that he propoſes not to examine their 
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rous, be thought to contain none of this principle; yet 
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is it at preſent a well known fact, that, by the gentleſ 
heat of a balneum-mariz, there may be extracted from 
them a water, of which the ſmell, though very faint, 
will however be ſufficient to indicate from what plant it 
was extracted. I can aſſert this upon my own experience 
I have often found thoſe plants that are commonly rec. 
koned the moſt inodorous, ſuch as ſuccory, plantain, 
borage, &c. to afford, by the balneum-mariz, a water 
that diffuſes a ſmell, by which the nature of the plant 
from which it was extracted may be ſufficiently known, 
It is true, that theſe infipid aromatic waters are very ſoon 
decompoſed, and loſe, in a ſhort time, that faint ſmell by 
which they are diſtinguiſhed : They are altered, and fer. 
ment, and paſs either into an acid or an alkaline ſtate, 

The perfumer's art is founded on the method of er. 
tracting the odorous parts of vegetables, of preſerving, 
and of fixing them in different ſubſtances. Moſt of the 
proceſſes of that art are entirely chemical, 

Medicine, too, makes much uſe of diſtilled or aromatic 
waters. They poſſeſs different virtues, according to the 
peculiar nature of each. Thoſe employed for the pur 
poſes of medicine are uſually diſtilled by naked fire, wit 
water, in the ſame way as volatile oils. This manipu- 
lation anſwers very well for the aroma of ſuch waters u 
are truly aromatic, but not ſo well with thoſe plants the 
are commonly called inodorons. Theſe ought to be d. 
Killed in a balneum-mariz ; and as this precaution i 
ſeldom taken, they have uſually an empyreumatic ſmel, 
acquired from the fire, even when not impregnated wid 
the odorous principle of the plant, —If theſe waters ov 


all their virtue to the aroma which they contain, weak a 
tb 
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that is, it is certain that the mode of preparing them 
teſtroys all the properties which that principle can poſ- 
ibly confer upon them. 

To theſe obſervations we ſhall only add, that the diſtilled 
waters of plants prepared by the apothecary, are not that 
pure aroma which Boerhaave called ſpiritus rector, but 
that principle, diluted in a large proportion of water, 
diſtilled with the plants. 
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falts, that may be obtained from them by ſublimation, 


or decoQtion in water. 
The principal ſpectes of — are the Au fol- 
lowing : ' 
1. Benzoin. Of this Br ucts are two ſorts : the amyg- 
zine benzoin, in white tears reſembling almonds, uni- 
ted by a brown juice; and common benzoin, of a 
brown colour, not in tears: it exhales a very pleaſing 
ell, when melted or pricked witli a hot needle. The 
in Wi nee that affords it is bur little known. Linnæus, 
the ſon, calls it terminalia benzoin. Murray obſerves, 
that the -wood and the bark of this tree- diffuſe an 
odour of benzoin whilſt burning. The ſame author 
thinks it doubtful, however, whether it affords this bal. 
am or not. This balſam comes to us from the king- 
dom of Siam, and the iſland of Sumatra. On account 
m. of its ſolidity, it affords but little eſſential oil. Boil- 


th ing water extracts from it an acid ſalt in needles, 
in WJ which is ſtrong ſmelling, and cryſtallizes by cooling. 
d. The falt is alſo obtained by ſublimation. When ob- 
he WY tained by this laſt proceſs, it is called flowers, of Len- 


rain. This operation is performed in two varniſhed 
earthen pots, placed one above the other, and made 
clole with paper at the place of their junction. The 
tre muſt be moderate, otherwiſe the ſalt becomes 
brown. The paſteboard cone which was formerly 
uſed for this purpoſe ſuffered a great deal of the con- 
crete acid to eſcape. We have given an account 
of the properties of this acid in a preceding chap- 
ter. Benzoin affords, in a retort, a very acid 


pilegm, a concrete brown falt of the fame nature, 
'and 
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and brown thick oil : me reſidual coal containg fuel 
alkali. 

Benzoin is ſoluble in alcohol; and the tincture ct 
this balſamic ſubſtance, precipitated by water, forms 
lac virginale. Salt of benzoin is uſed as a good inciſye 
in pituitous diſorders of the lungs and reins. The oil 
is diſcuſſive, and is externally applied to limbs affected 
with palſy, &c. 

2. Balſam of Tolu, Peru, and Carthagena, This 
balſam is brought to Europe, either in cocog-nut-ſhelly, 
or in yellowiſh tears, or in a fluid ſtate : it flows from 
the toluifera, which Linnæus ranks in the decandria 
monogynia claſs. It may be extracted from the ſhell 
by ſteeping them in boiling water, which renders it 
fluid. It comes from a country in South America, f. 
tuated between Carthagena and Nombre de Dios, called 
by the inhabitants of the iſlands Tolu, and by the Sp. 
niards Honduras. It affords, when analyſed, the ſame 
products as benzoin, and eſpecially a concrete acid falt 
It is made into ſyrup, and adminiſtered in diſeaſes of 
the lungs. 

The acid of the balſam of Tolu has not been yet ex 
mined : it is thought not to differ eſſentially from the 
benzoic acid. 

4. Storax calamita is in tears, either red and clean 
or brown and greaſy. It ſmells very ſtrong ; it rum 
from. the oriental liquid ambar, a plant that 1s but 
little known. Duhamel obſerved a juice running 
from the aliboufrer, that had nearly the ſame ſmel 


Vol. 


Neumann analyſed the ſtorax calamita, and obtained 
from it an eſſential oil, a concrete acid ſalt, and 3 


thick oil, It ſerves for nearly the ſame purpoſes 3 
benzoin 
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henzoin : it is chiefly uſed for perfume. We formerly 
had it ſent to us in reeds ; but we now get it in loaves, 
or irregular maſſes, of a reddiſh brown colour, mixed 
vith a few tears of a lighter colour, and a more plea- 
{ant ſmell. 


RESINS differ from balſams, as having a leſs pleaſing 
ſmell ; and, ſtill more eminently, as containing 
no concrete acid ſalt. The following are the princip 
| ſpecies of reſins. ; 
1. Balſam of Mecca, Judza, Egypt, Grand Cain 
It is liquid, white, bitter, and of an high lemon-colow 
It runs from a tree that is called amyris opobalſammMWh:{:! v 
ranked by Linnæus in the octandria monogynia, and Will the 
covered in Arabia the Happy by M. Forſkahl. Ti {eve 
liquid reſin affords a great deal of eſſential oil by find 
tillation. With ſugar, and yolks of eggs, &c, it is ul the 
as a vulnerary. bree ho 
2. Brown or yellow balſam of Copahu, which ru tritur 
from the tree called copaiba, and by Linnaeus copaiſen{Wicing a 
and ranked by that botaniſt in the decandria mongWaume d 
gynia. The common kind, both of this and of the bai" tartar, 
ſam of Tolu, is, according to Cartheuſer, a mixture @@Q'0ught 
gen 
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genuine balfam of Copahu with turpentine. It is uſed, 

u; well as the preceding reſin, as a remedy for ulcers 
of the lungs and bladder. 

z. Chio turpentine runs from the turpentige-tree. that 
hears the piſtachio-nuts. It is of a white or yellow co- 
our, inclining to blue. It affords, on a balneum-mariz, 
z very fluid volatile oil : that which it affords by naked 
fre is not ſo fluid. The turpentine is, after this ope- 
ntion, of a {till yellower colour. When diſtilled with 
water, it is white and ſilky, and is called boiled turpen- 
ne, This turpentine is not comman, and is not applied 
to any uſe. - 

4. Venetian turpentine, or Mileſian reſin, is that moſt 
commonly uſed in medicine. It is ufed either in its 
natural ſtate, or combined with fixed alkali. This.com- 
polition has been called Starkey ſoap. We conſider it 
a ſaponula. To prepare it, the Paris Diſpenſary di- 
ze&s to pour four ounces of volatile oil of turpentine 
n half a pound of nitre fixed by tartar, and {till hot; 
bo ſtir the mixture with an ivory ſpatula, and cover the 
ſel with a piece of paper; adding oil, by degrees, 
ill the whole form one white maſs. This proceſs takes 
p ſeveral months; and chemiſts have therefore ſaught 
0 find out ſome more expeditious method of making 
p the medicine. Rouelle prepared, in the ſpace of 
iree hours, a pretty conſiderable quantity of this ſqap, 
1 rey triturating alkali with the ail dropped upon it, and 
ain ing a little water towards the end of the operation. M. 
nongWaume directs to levigate upon porphyry one part of alkali 
he bal! tartar, previouſly expoſed to heat till it ſhall have been 
ture Fought near the point of fuſion ; and to add to it, by 
ren | . degrees, 
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degrees, two or three times Tts weight of volatile al 


| 

When the mixture is brought to the conſiſtency of * 
ſoft opiate, put it into a glaſs-cucurbite, covered with N 
paper, and ſet it aſide in a damp place. In fifteen da ved 
time, the deliqueſcent alkali forms a diſtin@ portion i dee. 
liquor at the bottom of the veſſel ; the ſoap occuyi of clo 
the middle; and a portion of the oil, having aſſumed fich, 
red colour, ſwims on the ſurface. M. Baume chin maren 
that the alkali unites only with that portion of the d hon 
which is in a refinous ſtate. M. le Gendre purſues tiff; 
idea farther, and propoſes to ſaturate à cold ſoluti ne bu 
of the fixed alkali with concentrated oil of turpen mall e 
tine, or even with turpentine itſelf. This ſoap is , con; 
ſome degree ſolid, and becomes gradually more { lamp-b/ 
cryſtals are formed in it, which have been conſiders 7. T 
as a combination of the acid of the oil with vegen e bot 
fixed alkali. But, according to the academiciam M bönom 
Dijon, they are nothing but potaſh ſaturated with ne ref. 
bonic acid, and cryſtallized in that ſtate. As it is ontinu 
_ eaſy matter to make up this ſoap, and it is, belideW.1 ga, 
very liable to alteration, Macquer thinks, that W eim 
a ſubſtance is wanted, poſſeſſing the properties af ue 
latile oils, and thoſe of ſoaps, in union, it were beg... a. 
on any occaſion to incorporate a few drops of Wioulds 
latile oil with medicinal white ſoap, to ſerve the an ca 
ſent purpoſe. Ammoniac, triturated with turpenti natter | 
forms a ſolid ſaponaceous compound, which e inh. 
ſolves very readily with water, and renders it milky We: it 
frothy. hich i. 
5. The reſin of the fir. tree is called turpentine Mrepared 


Straſburg, It is obtained by piercing the veſiculz rantity 
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e ol, de bark of the fir-tree, of which there are extenſive 
of zi reſts on the hills of Switzerland. 

with 6. Pitch is the juice of a ſort of a fir-tree, called abies 
gira. It is obtained, by inciſion, from the bark of the 
tree. It is melted by a moderate fire, preſſed in bags 
of cloth, and received into barrels: This is Burgundy 
nuch, or white pitch ; by mixture with lamp-black, it is 
converted into black pitch, When it is kept long in 
ſon with vinegar, it becomes dry and brown, and fo 
forms what is called Colaphony. The more impure parts 
ve burnt in a furnace, with a chimney paſſing into a 
ſmall cabinet, terminating in a cone of cloth : the ſmoke 
b condenſed in this cone, into a fine ſoot, that is called 
lamp-black. 

7. The galipot is the reſin of the pine which bears 
the ſoft apples. This tree is notched towards the 
bottom, and the reſin runs out into troughs. When 
the reſin ceaſes to run out by the lower holes, they are 
ontinued upon the tree. When it runs fluid, it is cal- 
d galipot; that which hardens upon the tree into yel- 
owiſh maſſes, is called Barras. Theſe juices are li- 
ited in boilers; and after being concentrated by 
eat, are filtrated through ſtraw-mats, and run into 
oulds in ſand, or formed into loaves that are called 
can con, or bray-ſec. When water is poured in, the 
matter becomes white, and forms rein, or pitch-reſin. 
de inhabitants of Provence diſtil galipot : they extract 
om it an oil which they call huile de raze. Tar, 
nich is the empyreumatic oil of this ſubſtance, is 
tepared from the trunk and roots of the pipe. A 


ule rantity of the wood is heaped together, covered with 
Y 3 turf, 
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turf, and ſet on fire. The turf hinders the oil thar 
is diſengaged by the heat from being volatilized; ang 
it paſſes into a ſhallow tub through a channel, out of 
which it is removed, without farther preparation, to he 
fold as tar. | 

8\ Tacamahaca, gum elemi, gum animi, are ven 
little uſed. The tree that affords the firſt is unknown. 
The elemi is produced by a ſpecies of amyris. The orien. 
tal gum animæ, or copal, the origin of which is un. 
known, and the occidental gum animæ, or courbari} 
which flows from the hymenga, à tree that grows in 
South America, are uſed for varniſhes. 

9. Maſtic is in white, farinaceous tears, of a faint 
ſmell: It flows from the turpentine tree, and the maſtic 
tree; it is uſed as an aſtringent, and an aromatic; it 
enters into the compoſition of drying varniſhes. 

10. Sandarac is in white tears, more tranſparent than 
thoſe of maſtic. It is obtained from the juniper-tree, 
in which it occupies a place between the bark and 
the wood. It is likewiſe called - varniſh, as it enters 
into thoſe preparations. It is uſed, in' powder, to pre- 
vent ink from ſinking on paper, from which the exter- 
nal coating of fize has been ſcraped off. 

11. The reſin of guayacum, which is greeniſh, is uſe 
as a remedy for the gout. It is obtained, by inciſion 
from the guayacum tree. 

12, Labdanum the refin of a fpecies of ciſtus i i 
Candia, is of a blackiſh colour. The peaſants gaiber 
it by ſtriking the trees with ſtaves, having a number 0 
leather-thongs fixed to the one end. They make it u 
into cylindrical pieces, which they call ladanum in uri 
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| is adulterated by a copious addition of blackiſh ſand : 
|t is uſed as an aſtringent. 

13. Dragon's blood is a red juice, extracted from 
the dracena draco, and ſome other trees of a ſimilar 
nature» It comes to us in ſmall flat cakes, or round 
halls, or in little ſpherical pieces, wrapped up in leaves, 
and knotted like a chaplet. It is uſed in medicine as 
an aſtringent. 


a 
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UM RESINS are mixed juices, conſiſting of reſin 
and extractive matter, which has been taken for W:ropo! 
a gummy ſubſtance. They run by inciſion, but never Meets 
naturally, from trees or plants, in the form of white, . : p 
yellow, or red emulſive fluids, which are ſooner or later Wlixed 
conſolidated. Water, alcohol, wine, vinegar—none of Whrms 
all theſe liquors diſſolves more than a part of gum re- 
ſins. They differ in the proportions of the reſin and 
the extract, and afford, by analyſis, many various re. 
ſults. The following are the moſt important ſpecies: 
1. Olibanum conſiſts of yellow tranſparent tears, of: 
very ſtrong and diſagreeable ſmell. It is not known from 
what tree it flows. It affords, by diſtillation, a ſmall 
portion of volatile oil, and an acid ſpirit, leaving a prett 
large reſidual coal, produced from the extractive matte! 
which it contains. It is uſed in fumigations as a It 
ſolvent medicine, 
2, Galbanum is a fat juice, of a brown-yellow colour, 
and 
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nd a nauſeous ſmell. It runs, in Arabia, Syria, and at 

the Cape of Good Hope, from inciſions in a ferulaceous 
plant, called Bubon Galbanum by Linnæus. When dif- 
illed by naked fire, it affords a blue eſſential oil, which 
;fterwards becomes red, an acid fpirit, and a ponder- 
qus empyreumatic oil. It is an excellent diſcuſſive, and 
powerful antiſpaſmodic. 

z. Scammony is of a blackiſh grey colour, a ſtrong 
nuſeous ſmell, and a bitter and very acrid taſte. The 
cammony of Aleppo is by far the pureſt. That of 
Smyrna is ponderous, black, and mixed with extraneous 
bodies. It is extracted from the convolvolus ſcammonia 
of Linnzzus. The root of the plant, cut and ſqueezed, 
fords a white juice, which, when dried, becomes black. 

ein me various ſpecimens of ſcammony contain various 
er voportions of extract and reſin ; on. which account its 
ever Wefects as a medicine are far from uniform. It is given 
bite, e 2 purgative, in dozes of from four to twelve grains. 
later Mixed with a ſweet extract, ſuch as that of liquorice, it 
e of Worms the common diagredium. It is likewiſe uſed for 
n re- dis purpofe with the juice of quinces. It is uſually gi- 
| and Wien in a powder with ſugar and ſweet almonds. 

$ e. 4. Gum guttæ is yellow, reddiſh, deſtitvte of ſmell, 
S: ad of a ſtrong, acrid, and corroſive taſte. It comes 
nom Siam, China, and the iſland of Ceylon. It is ex- 
ted from a large tree, very little known to us, and 
Winguiſhed in the countries where it grows by the 
me of Coddam Pulli. It contains a good deal of reſin, 
uch renders it ſtrongly purgative, when adminiſtered 
a dozes of four or ſix grains. It ſhould be very cau- 
ouſly adminiſtered internally. 
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5. Euphorbium is in yellow tears, which are of a i 
rious or worm-eaten appearance, and have no ſmell, 
It runs from inciſions in the plant euphorbium, which 
grows in Ethiopia, Lybia, and Mauritania. It containg 
a very acrid reſin. It is fo ſtrongly purgative, as to he 
ranked among poiſons. The only medical uſe for which 
it ſerves, is in external applications to caries. 


6. Aſſa. fœtida is ſometimes in yellowiſh tears, bu prop 
ofteneſt in loaves, conſiſting of different pieces agglu nd 
nated together. It has a very fetid ſmell of garlic, ed as 
taſtes bitter, and nauſeouſly diſagreeable. It is extract 5. 
from the root of a ſort of ferula that grows in the p 7Ppe: 
vince of Chorazan in Perſia, and has been called by Lu bitter 
næus Aſa-fetida. The root of this plant is fleſhy a ben, 
ſucculent. It affords, by expreſſion, a white juice, of i bars 


abominable ſmell, uſed by the Indians as a ſeaſoning rom! 
and called by them food for the Gods. It is uſed inte Lrogle 
nally as a powerful antiſpaſmodic, and externally an 
diſcuſſive. felin, 
7. Aloes is a juice of a dark red, and ſometimes eri ant 
a brown colour, with conſiderable bitterneſs of tu ray 
There are three kinds of it : ſocotorine aloes, hepa ανν 
aloes, and caballine aloes. The firſt is the pureſt ; anf 
it is only in purity the three ſorts differ. A. de Juſle" 
ſaw theſe ſeveral kinds of aloes prepared at Morviedy 
in Spain, from the leaves of the common aloes. Deg 
| inciſions were made in the leaf; the juice ran out es r 
theſe : It was then decanted from above the fæcula, al 
thickened by expoſure to the ſun. The aloes prepare 
in this manner is put up in leather-bags, and ſold u 
der the name of ſocotorine aloes. The juice ſquees 
from the leaves, purified by reſt, and then dried, fort 
hep: 
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es WY tepatic aloes. Laſtly, The leaves are again preſſed ; and 
the juice now obtained from them, mixed with the lees 
emaining from the two former operations, forms cabal- 
me aloes. The firſt of theſe different ſorts of aloes con- 
ains much leſs reſinous matter than either of the two 
ktter, and is therefore much leſs purgative. It is uſed in 
medicine as a draſtic purge, and is known to poſſeſs the 
xroperty of bringing on the menſtrual flux with women, 
nd the hæmorrhoidal flux with men. It is recommend- 
ed as an excellent hydragogue. 

8. Myrrh is in the form of reddiſh tears, of a brilliant 
ppearance, of a pretty ſtrong but agreeable ſmell, of a 
bitter taſte, and exhibiting in their fracture, when bro- 
ken, white lines of the form of a nail. Some of theſe 
tears are entirely gummy and inſipid. Myrrh comes 
tom Egypt, but chiefly from the ancient country of the 
Troglodytes, in Arabia. The plant that affords it is 
mknown to us. It contains much more extract than 
einn. It is uſed in medicine as a very good ſtomachie, 
n antiſpaſmodic, and a cordial. Cartheuſer adviſes li- 
terary people, who have delicate ſtomachs, to chew and 
Walow it with their ſpittle. It is uſed in ſurgery for 
deanfing putrid ulcers, and ſtopping the progreſs of ca- | 
nes, either in powder, or diluted in fpirit of wine. 

9. Gum ammoniac ſometimes appears in tears that 
ve white internally, but externally yellow, and often in 
maſſes much like thoſe of benzoin. They are eaſily diſtin- 
ruſhed, however, by their white colour and fœtid ſmell. 
is gum reſin, which we get from Africa, is thought, 
n account of the ſeed mixed with it, to be extracted 
hom an umbiliferous plant. This ſubſtance being ſo- 
able in water and ſpirit of wine, as well as inflammable, 
18 
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is nearly of the ſame character with thoſe which an 
has named reſinous extractive matters. 

In medicine, gum ammoniac 1s uſed as a very gogd 
diſcuſſive in cafes of obſtinate obſtruction. It is given 
in doſes of a few grains, either in pills or emulſions: i 
enters alſo into the compoſition of many diſcuſlive an 
reſolvent plaſters. | 


10. Elaſtic reſin, or caout-chouc, is a ſubſtance concern. 


ing the nature of which it is hard to ſay any thing, lu 
containing combuſtible matter, which is uſed in Ame. 
rica for lights, is a characteriſtic in which it agrees 
with reſinous ſubſtances : but its elaſticity, ſoftneſs, and 
inſolubility in the menſtrua, which uſually diſſolve reſim 
diſtinguiſh it as a ſubſtance of a different nature. 

The tree which affords it, grows in various parts in 
America. Large incifions are made through its bark, 
which muſt always penetrate to the wood: a white juice, 
more or leſs fluid, flows from it, and is received into 
veſſels, in order that it may be applied to the different 
purpoſes for which it is ſuitable : it is laid in layers on 
clay moulds ; and dried by expoſure to the fun, or to 
fire. Various deſigns are then ſketched upon them wii 
the point of an iron inſtrument : they are then expoſed 


to ſmoke ; and when ſufficiently dried, the moulds ar 


broken. In this way are formed the bottles, and othet 
utenſils of elaſtic gum, that come into Europe. 

The veſſels made of this matter are capable of holding 
water, and ſuch other fluids as have no power of acl 
upon it. If it be cut into pieces, and the edges applied t6 
each other ſoon after they are cut, the pieces unite agai 
L examined juice of caout-chouc, which was ſent me from 


Madagaſcar, It was white as milk, and its ſmell infu 
I ferablj 
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ſerably feetid. It contained a concrete, white, ſpongy 
matter, in the middle of the bottle, of a fimilar form, 
and likewiſe elaſtic. When the liquor was heated, a 
white pellicle of genuine elaſtic reſin was very ſoon 
formed on its ſurface. Alcohol, mixed with the juice, 
ſeparated from it flakes of that reſin. 

When the caout-chouc, in a dry ſtate, ſuch as it is 
ſent into Europe, is expoſed to fire, it becomes ſoft, ſwells, 
exhales a fœtid odour, and ſhrinks as it burns. 

Elaſtic reſin is not ſoluble in water. We know not 


\me. 
grees in what manner ſaline matters act upon this ſubſtance. 
„n Macquer, after trying to diſſolve it in various menſtrua, 


vas convinced of what had been before aſſerted by 
Meſſrs de la Condamine and Freſneau, (Academy, year 
1751), that alcohol was incapable of acting upon it, but 
that oils diſſolved it with the help of heat. However, 
23 he wiſhed to reduce it to a liquid ſtate, ſo that it 
might be made uſe of in that form, and might recover 
is properties by the evaporation of the ſolvent liquor, 
he was obliged to employ another menſtruum than oils ; 
becauſe oils, however volatile, always altered the elaſtic 


or to 

vit reſn, and became fixed in it, fo as to weaken its!ſtrength, 
poſel and deſtroy its elaſticity. He at length diffolved this 
s are ubſtance in highly re&ified æther; and this being ſo 


very ſubje& to evaporation, perfectly ſuited his purpoſe : 
Academy, year 1768). And though that liquor be in- 
deed very dear, yet he thought it might be of ſome con- 
ſequence to make known to the public a method of ma- 
king ſome very uleful inſtruments, ſuch as catheters, by 
putting, on a waxen mould, ſucceſſive layers of this ſolu- 
lon, till they be of the required thickneſs. When the 
catheter is dry, let it be immerſed in boiling water, 
which 
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which, by melting the wax, ſeparates it from the mould 
The ſoftneſs and elaſticity of a catheter of this ſubſtance, 
render it the moſt proper for perſons who find it nece; 
ſary to wear ſuch an inſtrument conſtantly, 
Theſe are all the particulars of the hiſtory of elaſte 
gum that were known to the world before the month q 
April 1781; at which time M Berniard, diſtinguiſbed 
by the accuracy of his experiments, inſerted in the Jur. 
nal de Phiſique an excellent Memoir on this ſingular ſub. 
Kance. That chemiſt concludes from his experiment 
that elaſtic reſin is a peculiar fat oil, coloured by a ma. 
ter ſoluble in alcohol, and contaminated with the foot 
of the ſmoke to which each layer of the reſin muſt be 
expoled, in order to dry it. Water produces no 1. 
teration upon it: alcohol, aſſiſted by a boiling heat, di 
colours it. Cauſtic fixed alkali is incapable of aQing 
upon it. The concentrated fuJphuric acid reduces it to 
carbonaceous ſtate, and is itſelf at the ſame time ting 
with a black colour, and takes the ſmell and the voa rem: 
lity of the ſulphureous acid. The common or weak r ſe 
tric acid acts on this reſin in the ſame way as on cone 
and gives it a yellow colour; the nitric acid, ſtrogi e pur 
concentrated, decompoſes it very rapidly; the munatighonclui 
acid produces no ſort of alteration upon it; receding it 
ſulphuric zther did not diſſolve it: This fact muſt aWModtains 
pear ſingular, as the author obſerves, to all thoſe rt cl 
know the accuracy and veracity of Macquer, Nunqvured : 
zther did diſſolve it. "This ſolution was yellow, and ot ſpe, 
forded, by evaporation, a tranſparent ſubſtance, friableWther r: 
and ſoluble in alcohol ;—in a word, a genuine relingius ch 
formed, according to this author, by the action of Het wh! 


nitric acid on the elaſtic caout-chouc. The volatile d 
0 


1, lavender, aſpic, and turpentine, diſſolved it with the 
bab of a gentle heat; but they formed clammy fluids, 
cf dich ſtuck to the hands, and could not therefore be ap- 

plied to any uſeful purpoſe. A ſolution of elaſtic reſin 
tic WM by oil of aſpic, when mixed with alcohol, depoſited white 
b of Wakes, which were inſoluble in hot water, but floated on 
hed Me ſurface of that fluid, and became, by cooling, white 


war ad ſolid like wax; in a word, they formed a genuine, 
ſub⸗ A sred, concreſcible oil. Oil of camphor diſſolved elaſtic 


nt; can by ſimple maceration. When the ſolution was eva- 
mu- porated, the camphor was volatilized; and there re- 
mined in the capſule an amber - coloured matter, of a 
rm conſiſtency, but ſcarce gluey, and eaſily ſoluble in 
nechol. Fixed oils, when boiled upon elaſtic reſin, diſ- 


not melt by a boiling heat; but when expoſed to the ac- 
tion of fire in a ſilver ſpoon, it is reduced into a thick 
back oil: It then'exhales white vapours; after which 
i remains fat and clammy, though expoſed to the air 
for ſeveral months; nor does it ever again recover its 
Irrneſs and elaſticity, which are fo neceſſary to fit it for 
te purpoſes to which it is applied. Laſtly, M. Berniard 
cluded his experiments on this ſubſtance, by analy- 
Ing it by naked fire. From an ounce of elaſtic gum he 
obtained a very little phlegm; an oil which, though at 
it clear and light, became afterwards thick and co- 
wured ; and ammonaac, the quantity of which he does 
lot ſpecify: There remained a coal, ſimilar to thoſe of 
ther reſinous ſubſtances, which weighed twelve grains. 
us chemiſt aſcribes the origin of the ammoniac to the 
dot which colours gum elaſtic, 
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flve it: wax likewiſe diſſolves it. This ſubſtance does 
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leſs a much ſtronger heat be applied to it than j 


duſtry. From theſe reflections, and many others whid 
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On this analyſis we may obſerve, that it does not 
termine, in a very accurate manner, the nature of elaſie 
reſin : for acids act not on this ſubſtance in the ſame; 
as on fat oils ; they act on theſe bodies with much mot 
rapidity than on elaſtic gum ; neither do cauſtic alkali 
reduce it to a ſaponaceous ſtate : nor does it melt, u 


ſufficient to reduce the moſt ſolid fixed oils to a ſtate « 
fluidity : and, beſides, no fixed oil ever becomes dry a 
elaſtic, like elaſtic reſin, &c. &c. In his fifth experimen 
too, the author aſſerts this gum to conſiſt of two diſtin 
ſubſtances, the nature of which he does not explain; an 
concludes with repreſenting it as a product of human iz 


might be added, concerning theſe experiments of 
Berniard's, which are in other reſpects very well pe 
formed, we are induced to think, that much ſtill remai 
to be done, as he himſelf acknowledges, before we c 
be fully acquainted with the properties of this ſubſtar 
or can decide with certainty concerning its nature. 


CHAP. XVI. 


Of the Pure Fæcula of Vegetables: 


HE juices of vegetables, when elaborated in their 

veſſels, become thick, and are by degrees depoſit- 
d on the ſurfaces of their fibres, where they contribute 
d their increaſe and nouriſhment, or are accumulated in 
more or leſs ſolid form, in the different organs of which 
be vegetable conſiſts. After ſpeaking of the fluid parts 
i theſe organic ſubſtances, we come next to examine 
te ſubſtance of which the contexture of their ſolids 
formed. —We are as. yet far from being ſufficiently 
quainted with the nature of all thoſe ſolid matters 
ich compoſe the organs of plants. However, thoſe 
niculars which are known to us, on this head, ſhew 
lat thoſe organs, when treated by proceſſes which we 
e g o deſcribe, are reducible to a dry, pulveru- 
at, inſipid ſubſtance, either white, grey, or variega- 
d with different colours, inſoluble in cold water, and 
mungly earthy, which is called feculum. 
Vor. III. 2 


To 
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To obtain this ſubſtance, the root, ſtem, leaves, 0 
ſeed of a plant, i is pounded down to a pulp with a peſtl; 
When theſe parts are ſucculent, there is no occaſion 15 
for adding water to aſſiſt the proceſs; but this fluid is 
uſually employed to facilitate the ſeparation of the fibres, 
and to take up the attenuated pulverulent parts. When 
reduced by this proceſs to pulp, the vegetable ſubſtance 
is then ſqueezed ; the juice or water obtained from it 
by preſſure is either turbid, white, or coloured; and! 
gradually depoſites, by reſt, a flaky matter, partly fibrow 
and ſometimes pulverulent, which is the true faculun 
of the plant. Some parts of vegetables appear to con 
ſiſt entirely of this matter; ſuch as the ſeeds of granj 
neous and leguminous plants, tuberculous roots, & 
Theſe parts uſually afford the fineſt fæculum, and th 
greateſt quantity of that matter. As to the tender ſten 
and leaves, their texture, being more fibrous, neyer 
fords, when treated by this proceſs, any thing but 
coarſe, coloured, filamentous ſubſtance, which is kno! 
by the name of coarſe fæculum. If, after being th 
roughly dried, theſe be reduced to powder, and 
powder lixiviated, the water takes up a much fine 
fæculum, preciſely of the ſame nature with that of tube 
culous roots and gramineous ſeeds. In the eye of the d 
miſt, therefore, there is no other difference between the 
two kinds of fæcula, but that the firſt is produced iro 
a part which is leſs fibrous, not ſo perfectly organize 
and apparently formed of ſmall cells, in which Na 
has depoſited a dry or farinaceous mucilage; when 
the ſecond, being wrought into a tiſſue of fibres, net 
to have its organization deſtroyed, and to be attenual 
by art. 
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strictly ſpeaking, all the ſolid parts of vegetables are 
apable of affording a ſort of fæculum. But that which 
b prepared for the arts, for pharmacy, and for ali. 
ments, muſt here be more immediately the object of our 
mention. The fiecula of briony, potatoe, caſſava, ſago, 
flop, ſtarch, are thoſe which deſerve to be particularly 
taken notice of, as applied to theſe purpoſes. 

1. To prepare the fæcula of briony, take the freſh 
wots of the plant, ſtrip off the bark, raſp the root 
p pieces, and then ſubmit them to the preſs. The juice 
heezed out by the force of the preſs is white, and de- 
poſites a very fine feculum. At the end of four and 
jenty hours, decant off the juice; dry the fazcula. As 
he juice muſt have left in it a certain quantity of ex- 
nf, it is very acrid, and purges violently. If waſhed 
fore being dried, it becomes finer and whiter, but loſes 
the ſame time its purgative powers. But this way of 
reparng the fæcula of briony affords only a very ſmall 
untity, Much more may be obtained by diluting in 
iter the maſs which remains in the preſs, paſſing that 
Ker through a hair-ſieve, and ſuffering it tu ſtand un- 
Rurbed, till  depoſite the fæcula which it contains. 
den this is depoſited, let the water be decanted off, 
Id the ſediment dried. This fæculum, obtained by 
ing the lees, is not of a purgative nature, like the 
Irmer, as the water has carried off the extractive mat- 
tin which that virtue reſided. M. Baumè has obſerved, 
lt the fæculum of briony, when well waſhed, bears an 
act reſemblance to ſtarch, and that hair-powder might 
made of it; by which means, the wheat made uſe of 
that article would be ſpared for other purpoſes. The 


Z 2 fxcula 
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fæcula of the roots of calves-foot and corn-flag are pre, 
pared in the ſame way for medical uſe. 

3. Potatoes, being ſo plenteous, and affording in: 
crop ſuch large increaſe, form one of the moſt uſeful a. 
ticles of food. We can very eaſily extract from then 
a great deal of very fine white fæculum, that become 
by roaſting, boiling in water, &c. a nouriſhing article of 
food. This fæculum may be obtained by grating dow 
the potatoes on a ſieve, and pouring plenty of wats 
upon them. The fluid carries off the fineſt and molt x 


tenuated portion of the fœcula, and, after ſtanding gie 
ſome time undiſturbed, depoſites it. Decant off the w ſava, 
ter; dry the fæculum by a gentle heat: it is now ill |; is 

the ſtate of a very fine light white powder, For vai Molu 
preparation of large quantities of this powder, mills, oi narrc 
a ſort of graters turning on cylinders, have been confi tree 1 
trived, which appear to be very happily adapted to pot i 
purpoſe, of a t 

3. The Americans extract, from the root of a „ won 

acrid plant called manioc, a very, pleaſant nouriſhing ih 
culum, to which they give the name of Caſſava. white! 
preparing it, they ſtrip the root of its bark, grate Won | 
down, and put it into a ruſh-bag, of a conical ſguſ nuatec 
and a very light looſe texture, and hang the bag ul which 
a ſtick, reſting horizontally on two wooden forks. tranſp; 
the lower end of this bag they fix a very heavy vel timen 
which, by its weight, ſqueezes out the juice, and, at which 
ſame time, receives it as it runs. The juice is a al; gig 
acrid and noxious poiſon. When the fæcula are fue: the 
ciently preſſed, and all the juice drawn off, it is then di ey a 
by expoſure to ſmoke, and paſſed through a ſieve; Ment in 


now it is in a proper ſtate for being baked into cali 
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i now ſpread on a plate of hot iron, and turned till 
be ſo completely roaſted, as to take on both ſides a 
teddiſh yellow colour. In this ſtate it is called Caſſava 
dead. When expoſed to heat in a baſon, and ſtirred _ 
{om time to time, it takes, as it dries, a granulated form; 
in which ſtate it is called covac. From the juice that was 
ſqueezed from the frcula, there is by degrees a very fine 
ſweet-taſted fæculum precipitated, which is called mou/- 
ſache, and uſed in paſtry. 2 

4. Sago is a dry fæculum, reduced to grains, and a 
lttle reddened by the action of fire, which we get from 
ſava, and from the Molucca and Philippine iflands.— 
| is extracted from a ſort of palm-tree, called in the 
Moluccas landan. The trunk of that tree incloſes a ſweet 
marrow, which the inhabitants extract by ſplitting the 
nee longitudinally. They then ſcrape down this marrow; 
put it into a fort of cone or funnel made of the bark 
of a tree, place the cone upon an hair-fieve, and pour 
upon it a good deal of water,—The fluid conveys 
vich it, through the holes of the fieve, the fineſt and 
rhiteſt part of the marrow, leaving the fibrous part ſtill 
upon the ſieve.— The water impregnated with the atte- 
nuated part of the marrow is received into pots, in 
which the fæculum is ſoon depoſited, and it becomes 
tranſparent. ——The water is now decanted off, and the ſe- 
diment paſſed through ſmall plates perforated with holes, 
rhich give it the granulated form by which ſago is uſual- 
ly diſtinguiſhed. —The reddiſh colour of the ſurfaces 
of the grains is owing to the action of the fire by which 
liey are dried. — Theſe grains become ſoft and tranſpa- 


tent in boiling water. With milk or broth, they make a 
Z. 3 ſort 
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fort of ſoup, which is light, and pleaſant to the taſte, 
and is greatly recommended in phthiſical caſes. 

5. Salep, falop, ſalab, &e. is a ſubſtance which the 
inhabitants of the Eaſt prepare from a ſpecies of archi, 
They ſelect the fineſt bulbs of that plant, firſt peel them, 
and then ſteep them in cold, and boil them in hot uz 
ter; next, after the water is well drained from then, 
they are ſtrung in bunches, and dried in the air. M 
Jean Moult gives another proceſs for the preparation gf 
ſalep, by which it may be prepared from any ſpecies of 
orchis.— The roots muſt be rubbed, either dry or in 
water, with a bruſh, to remove the. exterior pellicle, and 
then dried in an oven. They then become very harl 
and tranſparent. But they may be very eaſily reduced 
to a powder; and this powder, diluted in hot water, 
forms a nouriſhing jelly, the virtues of which Geoflro 
mentions with very laviſh praiſe, as highly efficacious 
againſt all diſeaſes occaſioned by an acridity of the lymph, 
more eſpecially againſt conſumptions and the biliow 
dyſentery. 


c HAP. XVI. 


Of the Fatina of Wheat, and of Starch. 


8 properly ſo called, is a fæculum preciſely 


already given an account: But as the farina of wheat, 
of which ſtares a conſtituent part, is one of the moſt 
important matters that can engage the attention of the 
chemiſt, we ſhall deſcend to a much more particular 
count of this than we have given of any of the other 
kecula. : 

What is called farina, is in general a dry, friable, in- 
ipid ſubſtance, capable of acquiring ſapidity and ſolu- 
viity by the action of fire, and conſiſting of ſeveral 
matters, which may be very eaſily ſeparated from one 
mother. This ſubſtance is diſpoſed by Nature in the 


de, barley, oats, rice, &c. Even leguminous plants 
pear to contain a compound of an analagous nature. 
There is, however, no other ſubſtance but the farina of 
*lizat, which poſſeſſes all the ſame properties: none 
2 4 but 


of the ſame nature with thoſe of which we have 


keds of gramineous plants, eſpecially in thoſe of wheat, 
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but this farina poſſeſſes that juſt proportion of the con 
ſtituent principles to which alone all its diitinyuiſking 
properties can belong. Although the farina or flour 
wheat has, from time immemorial, been uſed as 3 pril. 
cipal article of food, yet it has only within this ſhore 
time begun to be chemically examined. Meſſrs Becca 
an Italian phyſician, and Keſſel Meyer in Germay, 
a. the firſt chemiſts who attempted to ſeparate the dif 
ferent matters of which farina conſiſts. Meſſrs Rouelle, 
Spielman, Malouin, Parmentier, Poulletier de la Salle, 
and Macquer, have proſecuted theſe reſearches a gre 
way farther than the above-mentioned naturaliſts, M. 
Parmentier eſpecially bas proſecuted them with ven 
uncommon zeal and induſtry. His reſearches into the 
nature of theſe alimentary ſubſtances, the principles d 
farina, the different kinds of fæcula, and concerning 
- nutritious vegetables in general, are undeniably the mol 
complete and accurate of any thing chat ve have of the 
kind. 

Water is of all agents the moſt uſeful, as it pro. 
duces the leaſt alteration on the various matters with 
which it becomes impregnated, or which it ſeparates, 
according to the laws of their ſolubility. Accordingly, 
It is by this fluid that the different matters of which 
the farina of wheat conſiſts are moſt fucceſsfully ob- 
tained ſeparate from one another. In performing thu 
true analyſis, a paſte is firſt to be compoſed of the farin 
with water; the paſte muſt then be kneaded in an eu. 
then veſſel, with water pouring upon it from a cock; 
the fluid, as it falls upon the paſte, takes up from ita 
very fine white powder, by means of which it acquire 
the colour and confiſtency of milk: let this procels bs 

continue 
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continued till the water run off clear. The farina is now 
fund to be naturally ſeparated into three diſtin ſub- 
lances a grey elaſtic matter that ſticks to the hand, 
and on account of its properties has gained the name of 
the glutinous, or vegeto- animal part, —a white powder 
which falls to the bottom of the water, and is the fœcu- 
lum or ſtarch, —and a matter which remains diſſolved 
in the water, and ſeems to be a ſort of mucilaginous 
extract. Let us proceed to an examination of the pro- 
perties of each of theſe. three ſubſtances. 


§ I. Of the Glutinous Part of Wheat, 


THE glutinous part is a tenacious, ductile, elaſtic mat- 
ter, of a whitiſh grey colour. It may be extended to 
twenty times its natural length ; and it then ſeems to 
conſiſt of fibres or filaments, diſpoſed beſide one ano- 
ther in the ſame direction in which it has been drawn 
out, When the power by which it was extended ceaſes 
io act, it then returns with elaſtic force to its primary 
form. By drawing it out in different directions, it may 
be rendered fo fine as to reſemble, in the poliſh of its 
ſurface, the texture of the membranes of animals. In 
this ſtate, it adheres with conſiderable force to dry 
bodies, and forms a very tenacious glue, which was uſed 
by ſome people for the purpoſe of re-uniting pieces of 
broken porcelam, long before chemiſts had found out 
the way of obtaining it in large quantities. M. Beccari 
obſerves, that in the beſt flour the proportion of the 
glutinous matter is from a fifth to a third part, or 
eren more :——he remarks, too, that this proportion 

Varies, 
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varies, according to the ſeaſon, and the nature of th, 
corn. Pep 

The glutinous matter has an agreeable and ſomewhat 
mucous ſmell ; its taſte is inſipid; it ſwells amazingly 
when expoſed to a ſtrength of heat ſufficient to dr 
it quickly. It dries very well by a moderate heat, d 
even in the dry air. It then becomes ſemi-tranſparent 
and hard, like a ſtrong glue, and, like that ſubſtance, 
breaks with noiſe, and with a ſmooth fracture. If 
when in this ſtate, it be laid on a burning coal, or hel 
over the flame of a taper, it exhibits all the charac. 
teriſtics of an animal matter ; it crackles, ſwells, be. 
comes liquid, is agitated, and burns in the ſame way a 
a feather, or a piece of horn, exhaling a ſtrong fetid 
ſmell. When diſtilled in a retort, it affords, like ani 
mal matters, water impregnated with ammoniac, am- 
moniacal carbonate, and an empyreumatic oil: the car- 
bonaceous reſidue is very difficult to incinerate, and i 
found to contain no fixed alkali. 

The gluten, when expoſed freſh to a moiſt and hot 
air, is altered, and actually putrefied in the ſame manner 
as animal matters. If it ſtill retain a little ſtarch, then 
the ſtarch, paſſing into the ſtate of acid fermentation, 
retards and modifies the putrid fermentation of the glu- 
ten, and reduces it to a ſtate in which it is much like 
cheeſe. In this way Rouelle the younger prepared, 
from this gluten, a ſpecies of cheeſe, in taſte and ſmell 
much the ſame with Dutch cheeſe, and that of Gruyere, 

Water does not at all diſſolve this glutinous matter 
When boiled in that fluid, it becomes ſolid, and loſes 
its tenacity and elaſticity, but neither acquires a taſte, 
vor becomes ſoluble in the faliva, We may, however, 

obſerve, 


bſerve, that to the water which was uſed in making 


f 

9 he paſte the gluten owes its elaſticity and ſolidity. In 
wha WY the farina, this vegeto-animal matter, which is thus ſuſ- 
ng ceptible of a ſolid elaſtic .form, was in an incoherent 

ar and pulverulent ſtate; but when the water is poured 
t, of pon the farina, and mixed with it, thoſe particles which 
rene ne of 2 glutinous nature abſorb the fluid, and are by 
ance, Wi is means fo. cloſely united, as to form, in a ſhort time, 
- 16 BY that fort of elaſtic ſolid which is known by the name of 
bel i Gluten. Water, therefore, contributes greatly to the 
arc. WJ formation of this ſubſtance, which is perhaps to be con- 
„ be. WY fdered as 2 peculiar compound ſaturated with water, 
nnd, for that reaſon, not capable of abſorbing any 
fu more. So true is this, that if it be deprived of its wa- 
e ani. er by deſiccation, it loſes entirely its elaſtic and adhe- 
, am. e powers. | 
c. Moſt faline fubſtances act either with more or leſs 
nd is WW force on this gluten. Potaſh and ſoda, in a cauſtic and 

liquid ſtate, diffolve it with the help of a boiling heat. 

d hot MW The ſolution is turbid, and, on the addition of acids, 
anner depoſites gluten, which, however, is deſtitute of elaſ- 
then Wicity. 
ation, The mineral acids diſſolve this gluten. The nitric 
> glu - cid diſſolves it with great activity; and M. Berthollet 
| like bas obſerved, that this gluten, as well as animal ſub- 
red, tances, gives out azote gas, when expoſed to the action 


of the nitric acid. After the emiſſion of this elaſtic fluid, 
he ſolution affords a great deal of nitrous gas, and 
kes a yellow colour. By evaporation, it affords oxalic 
aid in cryſtals. The ſulphuric and the muriatic acids 
orm, with this ſubſtance, brown or violet ſolutions. A 
ert of oily matter is ſeparated from theſe ſolutions : 
Z the 
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the gluten exiſts in them, in a real ſtate of decompog, 
tion. M. Poulletier, who has made many experiment; 
on this matter, has diſcovered, that from theſe combi. 


nations, diflolved in water or alcohol, and evaporates 8 
in the. open air, there may be ammoniacal ſalts od. cop! 
tained. | | is c 
From what we have related concerning this ſubſtance, ter 
it appears, that it is entirely different from all tho pure 
which we have before taken notice of, as exiſting inf 1d 
vegetables; and that in many of its diſtinguiſhing pro. Wl 26 
perties, it bears a great reſemblance to the fibrouMi vii 
part of blood. It is to this gluten the farina of when ceed 
owes its property of forming a tough paſte with vater tbey 
and its readineſs to riſe with leaven. It appears either of N 


not to exiſt, or to exiſt only in a very ſmall proportion, in *! 
in the farina of other vegetable ſubſtances, ſuch as te 5uat 
barley, buckwheat, rice, &c. all of which form ſolid, fanc 
opaque paſtes, ſcarcely ductile, and brittle, and vidi Stare 
can ſcarce be raiſed when expoſed to the ſame temp lar 
rature by which paſte of the farina of wheat is raiſed has b 
No other ſubſtance but flour of wheat, therefore, iMf glute: 
poſſeſſed of all the qualities neceſſary for making good 
bread. 

M. Berthollet is of opinion, that this glutinous ſub- 
ſtance, like animal matters, contains phoſphoric ſalt 
which are the occaſion of its coal being ſo difficult to 


incinerate. Rouelle the younger has dilcovered a glu 
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ked t 
and, 
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tinous ſubſtance, reſembling that of the farina of when Sta 
in the green fecula of plants, which afford, by an ahn va 
tis, ammoniacal carbonate and empyreumatic oil, l in Fre 


the vegeto-animal matter of which we have been ſpeaky Y. 


ing 


Cl 


poſi. 
ents 
mbi. 
rated 
$ ob. 


ance, 
thoſe 
Ng in 
pro- 
brous 
wheat 
vater, 
either 
tion, 
$ rye, 
ſolid, 
which 
empe- 
ailed 


re, 18 


Farina of Wheat and Starch. 365 


§ II. Of the Starch of Wheat. [ 


STARCH, the amylaceous feculum, is the moſt 
copious part of the farina. This is the ſubſtance which 
is carried off, and afterwards precipitated from the wa- 
ter with which the paſte is waſhed, in order to obtain the 
pure gluten. This ſubſtance is very fine, feels ſoft, 
and has no perceptible taſte. Its colour, when it is ex- 
trated by the proceſs above deſcribed, is a dirty grey- 
white; but the manufacturers of ſtarch render it ex- 
ceedingly white, by ſteeping it in an acid water, which 
they call ſour water. It appears, from the experiments 
of M. Poulletier, that the fermentation which takes place 
in that fluid whitens and purifies the ſtarch, by atte- 
nuating, and even deſtroying, the extractive mucous ſub- 
ſtance which is precipitated with it in the firſt waſhing. 
Starch, chemically conſidered, is a mucilage of a pecu- 
lar nature. This mucilage, which by ſome chemiſts 
has been miſtaken for an earth, is very different from the 
gluten. It does not, like the gluten, diffuſe an empy- 
reumatic ſmell when it burns. When diſtilled by na- 
ked fire, it affords an acid phlegm, of a brown colour, 
and, towards the concluſion of the procels, a very thick 
empyreumatic oil, The coaly reſidue is eafily enough 
ncinerated ; and its aſhes are found to contain fixed 
Alkali. | 

Starch' is not ſoluble in cold water ; but when boiled 
in water, it forms with the fluid a glue, or rather what 
in French is demoninated by the peculiar name of em- 

n. This compound, when expoſed to damp air, loſes 
| | by 
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by degrees its conſiſtency, ferments, becomes four, u derb 
is covered over with mouldineſs. acid 

The nitric acid affords, with this fazculum, ox2;, Wi frm 
acid, perfectly the ſame with that of which we have fo. i dre 
ken in the foregoing chapter. each 

As ſtarch forms the greateſt part of Wy there ca b m 
be no doubt of its being the principal alimentary (uy. Nope 


ſtance contained both in flour and in bread. gs, th 
| here « 

alter 

5 III. Of the Extrattive Mucilaginous Part of the . Len 
rina. ferme 
1. three 


BY evaporating the clear water that had been uſed" * 
in waſhing the paſte, and had depoſited the ſtarch, N being 
Poulletier obtained a viſcous, adheſive matter, of abrown. WMg'vte! 
yellow colour, the taſte of which was faintly ſaccharine Wi Fre 
This ſubſtance, to which he gave the name of muſs four 
faccharine, diſplayed, in combuſtion and diſtillation, all W” fa 
the ſame phænomena with ſugar. By it the acid fer f. 
mentation is produced in the water which ſwims over good 
ſtarch ; for, as Macquer has obſerved, ſtarch is not at 
all ſoluble in cold water. The mucoſo-ſaccharine mat: 
ter exiſts in the farina of wheat only in a very ſmall pro- 
portion. It may poſſibly be more copious in the farina 
of ſome other vegetable ſubſtances. . 

However ſmall the proportion of this ſubſtance in the 
farina of wheat, yet there can be no doubt of its acting 
a peculiar part in the fermentation which takes place in 
paſte, and cauſes it to riſe. The nature of this motion, 
ſo neceſſary to render bread wholeſome, is ſtill but very 
little known. It would appear to be nothing more but 


the 
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he beginning of a putrid fermentation in the gluten, an 
acid fermentation in the ſtarch, and perhaps a ſpiritous 
fermentation in the mucoſo-ſaccharine matter. Theſe 
bree incipient fermentations, which mutually oppoſe 
each other, are perhaps what produces the compound, 
{ much lighter than dough, which, by baking, and a 
roper expoſure to heat, forms bread. One thing certain 
b, that in bread all the three ſubſtances which we have 
here examined, are found exiſting together, but ſo much 
altered, that they can no longer be extracted ſeparately. 
Fren the action of heat alone, without the motion of 
fermentation, 1s ſufficient to change the nature of theſe 
three ſubſtances, and combine them in ſuch a manner, 
that even from bread, unleavened, or baked without 
being raiſed, Malouin and M. Poulletier tells us, the 
gluten can no longer be obtained. 

From theſe particulars, we underſtand how ut all 
lour but that of wheat, and ſtill more the leguminous 
or farinaceous ſeeds, ſuch as beans, peaſe, cheſnuts, &c. 
ve far from poſſeſſing the qualities requiſitefor making 
good bread, 
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rendering them permanent and tenacious on thoſe ſub 


CHAP. XVIII. 


Of Vegetable Colouring Matters, and their Applicatin 
to the Art of Dyeing. | 


EGETABLES contain colouring matters through 

all their organs. Theſe matters are'extremely 
various. It often happens, that a vegetable mate, 
which has of itſelf no apparent colour, aſſumes a ven 
diſtinct one when expoſed to the action of certain men. 
ſtrua. The art of dyeing, all the proceſſes of which 
are entirely chemical, is founded on the knowledge « 
the ſolubility of theſe colouring parts of vegetables, i 
various menſtrua, —of the way of applying them, ſo s 
to communicate colour to other ſubſtances,—and d 


ſtances. In examining the properties of each of the 
colouring matters, We will have occaſion to give ſome 
account of the principles of this important art, ol 
which Mefirs Hellot, Macquer, le Pi!cur d' Apligny, 
1 HecquMW: thec 
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Hecquet d' Orval, and the Abbe Mazeas, have already 
publiſned excellent works. 
1 appears that the colouring matter of vegetables, 
qroperly ſo called, is ſtill unknown. Rouelle was of 
opinion, that the green part, fo copious in the vegetable 
kingdom,was ſimilar in nature to the gluten of the farina. 
But it is certain, that th matter exhibits different che- 
nical charaQeriſtics, according to thE diverſity of the 
baſes with which it is united. It is therefore rather 
the baſe than the colouring part itſelf of which we 
peak, when we fay, ſuch a colour is extraQtive, and 
uch another colour reſinous, &. The ſubſtance which 


ployed in the arts is no doubt a very ſubtle body, 
erhaps not leſs ſo than the principle of ſmells. There 
zeven ſome reaſon to think, that it conſiſts ſolely in 
certain modification of the ſolid and liquid parts. of 
cgetables. 

lt may be proper to recollect here, that the colouring 
regetables depends, in a great meaſure, on the contact 
light. But in what manner the contact of light con- 


which dates to the production of colours, is a problem of 
ige Which the reſearches of the natural philoſopher have 
les, u yet afforded no ſolution. However that may be, 
ſo 8 


it is impoſſible to ſeparate the colouring matter en- 
rely from the vegetable baſe to which it is united, it 
e lu-WWrcnerally agreed to conſider theſe two ſubſtances toge- 
er as the colouring matter of plants. 

Of all chemiſts, Macquer has beſt diſtinguiſhed the 
ature of the different colouring matters of vegetables, 
nlidered with reſpe& to the art of dyeing: And 
theory concerning the application and the fixation 
Vol.. III. Aa of 


ally colours thoſe parts of vegetables that are em- 
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chemical properties of the colouring parts of veg. 


wood, and Braſil wood, afford yellow or red colours d 


It 1s called a falſe dye. In order to aſcertain the na 
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of colours on other ſubſtances in dyeing, is beyond 
doubt the moſt ſatisfactory. As I intend here to con. 
nect this theory of dyeing with the hiſtory of the 


tables, I ſhall begin with the conſideration. of thol 
properties. bili 

1. A great many vegetable colouring ER Which 
are either extractive or ſaponaceous, diſſolve very re. 
dily in water. Baſtard rocket, madder, logwoad, re 


rece 
this ſort. It is eaſy to ſee, that matters dyed with the prec 
colours muſt loſe their dye in water: on this account 1 
there is employed, to render theſe colours permanen ing 
ſome additional matter capable of fixing and decomp va 
ſing them; ſuch as crude tartar, alum, and other ſal poſec 
Theſe ſalts are called mordants. A ſolitary acid mi Nope 
produce the ſame effect; but would alter the colournMnore 
matter. The ſuperfluous portion of the acid of the u m- 
combines with the alkali of the ſaponaceous colourinfiMreaſor 
extract, and occaſions the precipitation of the reſinofMis, be 
part of that extract, which is then inſoluble in va ant 
upon the ſubſtance intended to be dyed. + This colo ue tr 
1 


ing part, however, which is rendered inſoluble by f 
alum, or the mordant, is of two kinds. The firſt is 
ſolid, and reſiſts the action of air, of ſoaps, and of 
the liquors uſed by dyers as proofs. The other is la 
to be altered by air, and ſtill more by the proof-liquo 


of theſe colours, and the durability of dyes in gent 
M. Berthollet has propoſed the uſe of the oxigens 
muriatic acid. This acid effects, in a very ſhort tit 
by means of its exceſs of oxigene, what the vital at 
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de atmoſphere takes a long courſe of time to accom- 
zlifh : And, by obſerving what quantity of this acid is 
zeceſſary to diſcolour and entirely whiten any died ſtuff, 
15 well as the time which it takes to produce the effect, 
judgment may be formed of the ſolidity and the dura- 
biliry of the colours thus ſubmitted to examination. 

t is to be obſerved, that wool takes a dye better than 
my other ſubſtance ; and next after wool, filk, cotton, 
and flax, in the order in which they are here mentioned, 
receive a dye, each of them with more difficulty than the 
preceding one, and loſe it ſooner. 

Thoſe authors who have written upon the art of dye- 
ing have maintained different opinions concerning the 
ray in which .colouring matters act on the ſubſtances ex- 
poſed to their operation. Many have ſuppoſed, that in 
proportion as the pores of the ſubſtance to be dyed are 
more or fewer, greater or ſmaller, the colouring matter 
b more or leſs completely applied to it; and that the 
reaſon why wool takes a colour better than £11k or thread 
s, becauſe its pores are more open and more numerous 
than thoſe of either of theſe ſubſtances. But Macquerthinks 
he true cauſe which renders the application to any ſub- 
ance more or leſs eaſy, is the relation between the co- 
during matter and the body to be died, being nearer or 
more remote. Dyeing, in his opinion, is actually nothing 
but painting, which ſucceeds and laſts only by virtue of 
in intimate affinity between the colouring matter and 
te dyed ſubſtance. That celebrated chemiſt adopted 
is opinion in conſequence of the numerous experiments 
kich he made in the art of dyeing ; which is indeed 
igbly indebted to his diſcoveries. 

A a 2 2. 
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2. There is another claſs of colouring matters, which 


ſeem to conſiſt of reſin and ſaponaceous extract. Mat. 4 
quer calls them reſino- ter reous matters. When theſe mat. Thi 
ters are boiled in water, the reſinous ſubſtance which bf 
they contain is melted, and diffuſed through the fluid, by by 
means of the action of the heat, and the ſolution of the m 
ſaponaceous part : but it 1s precipitated as the bath aſt 
decoction cools. When, therefore, wool, or any other Joſe 
matter, is immerſed in a decoction of mixed colouring TA 
matter of this kind, the reſin is ſeparated by cooling; * 
and, without requiring any farther proceſs, fixes on the colot 
ſubſtance thus expoſed to it. Not being ſoluble in water, B. 
it forms a permanent dye. Colouring matters of this bras 
kind are obtained from almoſt all aſtringent vegetable; Wi In; 
ſuch as the huſks of nuts, the roots of the walnut. ter, el 
or of dock, ſumach, bark of alder, ſandal wood, e. . 
Theſe colours are all yellow, and are called by the dyen e 
root · colours. They are generally uſed to form a good * 
ground, on which colours of a higher luſtre may be lai, 0 
We may further remark, that the colouring matters, oo... 1 
the application of which no particular preparation, ene ul 2 
of themſelves, or of the bodies to which they are applied, her 
is requiſite, afford the limpleſt tincture, and are the e yy le 
fieſt applied to uſe. , burin 
3+ The colouring principle of various other ſubſtance reg; 
exiſts in a matter that is purely reſinous, and inſoluble i HO 
water. Several of theſe matters are not ſoluble even in hes 
alcohol ; but in alkalis they are all diſſolved, and red powde 
ced into a ſort of ſaponaceous ſtate, in which they are 0 C. 
juble in water.— The following are the principal colony 70 
of this lort uſed in dyeing. olatil 


1 archil 
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hich A. The annatto, a kind of fæculum obtained by ma- FELT 
Mac. ceration from the ſeeds of the urucu putrefied in water. 
nat. This fæculum is depoſited during the putrefaQion of the 
92 ſubſtances. It is at firſt red, but in courſe of time be- 
ones of a briek- duſt colour. Stuffs intended to be dyed 
the with this matter are immerſed into a lixivium of this 
h or paſte, with the cendres gravelees, which we are ſhortly to 
hy deſcribe, mixed together in water. Without the aſſiſt- 
rug 2nce of any mordant, there is depoſited on the ſubſtances 
ing; immerſed into this lixivium a golden yellow, or orange 
dhe colour, of conſiderable beauty. 

"_ B. The flower of carthamus, or baſtard ſaffron, af- 
thi fords, by the ſame proceſs, a very beautiful red colour. 
bie, This flower has two different colouring parts; the one 
ee, purely extractive, and ſoluble in water; the other reſins 
> 6 us. —To obtain the latter, the foluble part of the car- 
den anmus muſt firſt be catefully waſhed away : What re- 
good mains after the waſhing muſt be mixed with the cendres 
e ler, or ſoda; this mixture is then to be formed in- 
55 i oa lixivium, and employed in dyeing. But as the al- 
eile ali alters the colouring matter, and tarniſhes the co- 


bur, the dyed ſubſtance is ſteeped in water, acidified 
by lemon. juice. This acid ſeizing the alkali, the co- 
buring matter is left at liberty, in conſequence of which 
| regains its original properties, and becomes red. By a 
fu. lar proceſs, there is a coloured fæculum obtained 
om carthamus, which, mixed with briancon- chalk in 
powder, compoſes the rouge made uſe of by the ladies. 
C. Archil is a paſte prepared from moſs and lichen, 
macerated in urine, with lime. The lime diſengages the 
olatile alkali ; and this cauſes the red colour to appear. 
chil diluted in water communicates a dye without any 
Aa 3 other 
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other preparation. It gives a violet colour; but this i 1 
ſalſe dye, which is altered in the air, and rendered yel. 
low by the action of acids 


D. Indigo, thecolour of which is a deep violet blue, A 
ſeemingly of a cupreous nature, is a fæculum prepare; Wl pow 
at St Domingo, and in all the Antilles, &c. by macers Wl that 
ting the ſtalk of the antillo, or indigo plant, in ſtone BY from 
troughs, with water. The water becomes blue; and, Wl Ame 
after it has been for ſome time violently ſtirred, the fr. or y. 
culum is preeipitated. The indigo ſeparated from the MY cnt 
water is put into cloths to drain. It is then dried in ſmall WW hads 
wooden boxes, and when dry broken into pieces. When WM This 
it floats on water, and burns entirely away on a red with 
ſhovel, it is eſteemed good. The colouring part of it ii ele 
extracted by alkalis, and applied to the matters intended indig 

to be dyed, without any farther preparation. It cannot] on th 
Chen 


be brightened by acids, as theſe would alter the colour, 

4- There are certain colouring matters ſoluble in oil 
Alkanet, or the red root of a fort of bugloſs, communi. 
cates its colour to oil. Alcohol likewiſe diflolves ſever 
colouring matters: Green fæcula diſſolve in it as wellas 
in oil. It may be eaſily underſtood, that theſe colour 
cannot be uſed in dyeing, becauſe the liquids neceſſary 
to extract them cannot be employed. | 

Such are the principal facts at preſent known concem. 
ing the nature of vegetable colours. From thele it - 
pears, that any of the immediate principles of vegetabl: 
may become the baſe of their colouring parts; as t 
find them to be ſaponaceous, reſinous, and extraQie. 
Some of them even appear to be of the ſame nature 
with fixed oils, and are not foluble either in water or i 


alcohol, but diſlolye readily enough in alkali. Laſts, 
There 
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There are, according to Rouelle, ſome of theſe colour- 
ing parts of the fame nature with the glutinous part of 
regetables. 

All vegetable colouring matters poſſeſs a more or leſs 
powerful attraQtion for oxigene. There are few of them 
that do not experience a more or leſs ſudden alteration 
from this principle. The oxigenated' muriatic acid alters 
umoſt the whole of them, and converts them into white 
or yellow. Moſt part of vegetable colours contain differ- 
a the WY cnt proportions of oxigene, and frequently owe their 
ſmall WW ſhades to a difference in the quantity of this principle. 
Vie This is the reaſon why all theſe colours are prepared 
Jha WM vith the contact of air, becauſe this contact has a ſingular 
it is effect upon their dyes. See M. Hauſeman's Memoir upon 
ndel MY indigo (Journal de Phyſigue, 1788), and my Memoir 
nnot on the colouring of vegetables by oxigene. Annals of 
xr, WT Chemiſtry, Vol. IV. 
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Of the Analyſis of Plants by Naked Fire, k 
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\ FTER examining all the matters which can be {ve b 
obtained from vegetables, by ſuch ſimple means WI cedi 

as produce no alteration in their nature, and conſidering Wvien 
theſe matters as the immediate principles of thoſe orga. dance 
nized bodies, it will next be proper to conſider what mp 
alterations they are liable to ſuffer from fire. ſrua 
The ancient chemiſts were acquainted with no other Idler 
method of analyſing vegetables but this; and all their Wo! the 
inquiries into the nature of theſe ſubſtances were dire ion, 
ed only to diſcover, how much ſpirit, oil, and volatile Want 
ſalt, they afforded by diftillation in the retort. At pre-. bat u 
ſent we give but little credit to the reſults of this pro- m 
ceſs.— We know, that all plants give nearly the ſame We be 
products; and the diſtillation of a great many different Ned o. 
vegetables, by chemiſts in other reſpects very ſkilful and H ves 
highly reſpectable, has only ſerved to undeceive us with WW", th 

reſpect to this analyſis. How, indeed, can it be thought, Ne t 


that the action of fire, which is exerted on all the di. le 


ferent 
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ferent principles contained in a vegetable, extract, mu- 
lage, oil, reſin, ſaline matter, gluten, &c. and which 
compoſes each of them in a peculiar manner, can af- 
ford any certain information concerning the nature and 
the quantity of thoſe principles? eſpecially when we ob- 
ſerve, that the products of theſe different decompoſi- 
ons form, by mutual combination, new bodies, which 
aid not exiſt before in the vegetable under examination. 
The analyfis of vegetables in the retort is therefore falſe 
and complicated. 

However, as, in a chemical examination of any ſub- 
tance, we ſhould not refuſe the uſe of any means which 
at ſupplies for the diſcovery of its nature, we may have 
recourſe to this analyſis, and obſerve its effects, provided 
ve be ſufficiently on our guard againſt giving too much 
credit to its reſults : Nay, it ſometimes happens, that 
when, in a ſeries of experiments on any vegetable ſub- 
tance, in order to diſcover its chemical properties, we 
compare the effects of aqueous, ſpiritous, and oily men- 
trua on that ſubſtance, with the alterations which it 
ſaffers from fire, theſe alterations accord with the action 
of the ſolvents, and ſhew, by the products of the diſtilla- 
ion, what matter is contained in a larger or a ſmaller 
quantity in the vegetable, the nature of its ſalt, &c. But, 
at we may be able to make ſuch important deductions 
rom an analyſis by naked fire, it is requiſite, 1. That 
ve be well acquainted with the manner in which fire 
ds on each of the immediate or proximate principles 
| vegetables, the extract, the mucilage, the ſaline mat- 
fr, the oily juices, fluid or dry, &c. 2. That we com- 
«re the products of the diſtillation of the whole vege- 
able with thoſe which its proximate principles general- 
ly 
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ly afford when tteated in the ſame manner. z. Thy 
we, at the ſame time, analyſe the vegetable by men. 
ſtrua, in order that we may diſtinguiſh its proximate 
principles, and draw ſome uſeful inferences concerning 
the alterations which it ſuffers from fire. 

The proceſs neceſſary for the diſtillation of vegetable; 
by naked fire, is very eaſy and very ſimple.—Put into 3 
glaſs or earthen retort a certain quantity of the dry ye. 
getable :—care muſt be taken, however, to fill the veſſe 
only half, or not more than two thirds full. Place the 
retort in a reverberatory furnace; to its neck adapt 
balloon of a proper ſize. There uſed to be formerly 
recommended for this purpoſe, a balloon perforated with 
a ſmall hole, to afford a paſſage for the air which was 
ſaid to be diſengaged, in a ſmaller or a larger quantity, 
from the vegetables, and was likely, if confined, to break 
the veſſels. At preſent we know, that the aerifom 
fluid which eſcapes from theſe bodies, when ſubjeGed 
to diſtillation, is never air, but rather carbonic acid and 
hydrogenous gas, with carbonaceous matter diſſolved in 
them. But as theſe elaſtic fluids are products of the 
vegetable, decompoſed by the action of fire, as well a 
the phlegm, the oils, and the volatile ſalts, it is no lels 
neceſſary to collect them than theſe latter ſubſtances, 
For this purpoſe, there may be employed a perforated 
receiver, joined to a curved ſyphon, entering by one 
end into a bell-glaſs filled with water, or rather with 
mercury. By this means, the liquid products are cob 
lected into the receiver, and the aeriform products in. 
to glaſs veſſels, placed on the ſhelf of a pneumato- che 
mica! apparatus. When the ſubſtance diſtilled is ſuc 


& 


getable be ſuch as to afford it. 
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1; can afford any concrete ſalt, there is put between the 
retort and the receiver an adapter, or long glaſs veſſel, 
in the form of a ſpindle, on the fides of which the ſalt 
fxes as it is ſublimated. In this ſort of diſtillation, the 
fre ſhould be gradually and cautiouſly applied, that the 
products may be obtained in the order of their vola- 
tility, without being confounded together. The procels 
begins with placing a few coals under the retort, and 
the fire is by degrees increafed till the veſſel become red- 
hot, and the paffing of the products into the receiver 
appear to have ceafed. The retort is now ſuffered to 
cool, the luting removed from the * and the 
products examined. 

Although the products obtained by the diſtillation 
of vegetables are never to be entirely depended upon, 
yet ſo much do they differ from one another, that they 
well deſerve to be carefully diſtinguiſhed. 

The firft product obtained is an aqueous liquor, im- 
pregnated with ſome odorous and faline principles. This 
phlegm aſſumes by degrees more colour, and more faline 
properties. After it, comes a coloured oil, the colour 
of which becomes deeper, as the proceſs advances. This 
oil is ſometimes light and fluid, at other times weighty, 
and hable to become folid. It conſtantly exhales a ſtrong 
empyreumatic ſmell. At the ſame time with it, there is 
a ſmaller or a greater quantity of elaſtic fluids diſen- 
paged ; which are either carbonic acid, or hydrogenous 
gas, or, which is molt frequently the cafe, a mixture of 
theſe two ſubſtances. At the ſame inſtant, too, ammo- 
niacal carbonate is ſublimated, if the nature of the ve- 
After all theſe matters 

have 
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have paſſed, the vegetable is found reduced to a cathy. 
naceous ſtate. Let us now return to a more particula 


Z examination of each of theſe products, and attempt to T 
| diſtinguiſh what is their nature, and to what ſubſtance; . te! 
| they owe their formation. exhil 

The phlegm, according to the ancient 4 n 
owing to the water which enters into the compoſition of theſe 

the vegetable, and in part to the water of its vegetation; ma 

and this eſpecially, when the body analyſed is not en. un 

tirely dry: and accordingly the quantity of this phlegn diſtil] 

is greater or leſs in proportion as the vegetable has been e 

more or leſs thoroughly dried before it was ſubmitted , & 


to diſtillation. Several modern chemiſts are of opinion, 
that the water obtained from the diſtillation of vege 
tables is formed by the union of hydrogene with the 
oxigene contained in theſe organized ſubſtances. Thi 
phlegm is coloured of a lighter or a deeper red by the 
ſmall portion of oily matter which it carries off with it 
and which is reduced to a ſaponaceous ſtate by the ſalt 
that is uſually diſſolved in it. The ſaline matter i 
union with it is moſt commonly acid; on which 22. 
count this phlegm uſually reddens ſyrup of violets, and 
produces an eſſerveſcence with alkaline carbonates. Thu 
acid belongs :o the mucilages and oils. The phlegm 
is ſometimes of an alkaline nature, as in the diſtillation 
of nitrous and cruciform plants, and of emulſive and 
farinaceous ſeeds. It is frequently ammoniacal ; be. 
cauſe the ammoniac which follows immediately after tie 
acid combines with it. Of this fact full evidence may 
be obtzined, by throwing a little fixed alkali or quick 
lime 
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me into the phlegm : When it is ammoniacal, there is 


* : lively ſmell of ammoniac diſengaged from it. 

uar The oils obtained from vegetables by diſtillation in a 
pt to retort are all ſtrong-ſmelling and high-coloured, and 
e «hibit all of them nearly the ſame properties. Thoſe 
SY kn of vegetables which contain a great quantity of 
2 j heſe inflammable fluids, ſuch as emullive ſeeds, afford, 


when analyſed, a good deal of oil. The odorous plants 
Mord an oil, which, in the beginning of the proceſs of 
* liſtillation, retains ſomewhat of their ſmell, but ſoon aſ. 

fumes the common characteriſtics of all theſe oils ; that 
js to ſay, the colour, gravity, and empyreumatic ſmell, 
by which they are diſtinguiſhed. All of theſe fluids are 
* lichly inflammable; the nitrous acid cauſes them to 

lame: they are ſoluble in alcohol, and bear, all of them, 
ome reſemblance to the vegetable from which they were 


* obtained. By reCtification, they may all be rendered 
h „ guid, very light, colourleſs, ſoluble in alcohol ; in 
n vord, they may thus be reduced to the ſtate of æthe- 
"il real or volatile oils. 


Theſe empyreumatic oils are formed by the action 
of the fire, and had no previous exiſtence in the vege- 
able, = 

With reſpect to the volatile ſalz, which is nothing but 
ammoniacal carbonate, it is obtained only from a few 
egetables ; but we muſt not imagine, as has been ad- 
anced by ſome chemiſts, that it is to be obtained only 
om cruciform plants. All plants, in general, contain- 
g a certain quantity of glutinous or vegeto- animal 
latter, afford more or leſs ammoniac; becauſe, as has 
deen fully proved by M. Berthollet, that principle of 
| vegetables 


382 Analyſis of Plants by Naked Fire. 


vegetables always contains azote. It very ſeldom bay. WY mor: 
pens, however, that any quantity of it can be obtaineg Will quar 
in a concrete ſtate: it is often diflolved in the laſt por. tillat 
tions of the phlegm. This ſalt is produced by the men 
union of the azote with the hydrogene of the oil; q get 
which account, it does not uſually paſs till the end of WY {cw 
the diſtillation. - It even appears, that what is carried lf hypo 
up by the phlegm in the analyſis of ſome plants, ſuch 
as the cruciferous plants, poppy, rue, &c. is always the 
product of ſome new combination; for Rouelle th; 
younger has ſhewn, that the plants themſelves do na: 
contain it in their natural ſtate, 

The elaſtic fluids which are diſengaged during the 
diſtillation of vegetables, are to be included among the 
products that may be obtained from them. Their nz 
ture appears to depend on the nature of the vegetable, 
A plant which contains a good deal of oily combuſtible 
fluids, affords hydrogenous gas. Mucilages, on the con- 
trary, afford carbonic acid. We have mentioned, un. 
der the article Oxalic Acid, that Meſſrs Bergman and 
Fontana have obtained from them a large quantity of 
carbonic acid, and that Fontana thinks vegetable acid 
to be compoſed chiefly of it. It is therefore not at 
all ſurpriſing, that mucilages, in which Bergman found 
the ſame radical acid as in ſugar, ſhould afford carbonic 
gas when analyſed. Laſtly, There are ſome vegetable 
matters which afford azotic gas. Theſe aeriform fluid 
| paſs only towards the end of the proceſs of diſtillation; 
becauſe they are not diſengaged till the inſtant when 
the vegetable is totally decompoſed. Hales, who va 
not acquainted with their nature, obſerved, that tis 

I mor: 
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nore ſolid the vegetable, ſo much the greater 

quantity of the air diſengaged from it duri m_— 
ullation: and he of conſequence — wil diſ- 
ment as the cement which produced the ſolidit 1 
getable bodies. . 4 Vee 
hew, the reader may eaſily judge of the — ” * 
hypotheſis, | of this 
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Of Vegetable Coal, or Charcaa!. 


HARCOAL is the black reſidue of vegetable mat 
ters, whoſe volatile principles have been entire 
decompoſed in cloſe veſſels. None but organic matten 
containing the combuſtible ſubſtance known by the 
name of oil, afford charcoal. The production of the 
fubſtance which we are beginning to conſider, uſed to 
be aſcribed to the decompoſition of this latter ſubſtance; 
but it is now beginning to be underſtood as a fact, that 
the carbonaceous matter exiſts ready fermed in the vege- 
table ; and that which is accompliſhed by the operation 
of fire, is the ſeparation of the volatile principles that 
exiſted in union with it. 
Charcoal is generally black, brittle, ſonorous, and 
light. If the vegetable of which it has been formedp"er 1 
was very compact, and contained but a ſmall proportionÞvre oi 
of fluid ſubſtance, it {till retains a vegetable form. But ned n 


egain, when the plant decompoſed is tender, and contain like 1 
6 Voz. 
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z good deal of juice, the fluids, as they are diſengaged, 
&troy the organic. texture of the vegetable, and leave 
: friable coal, which exhibits not the form of a decom- 


poſed vegetable. Different vegetable matters afford 
coal in greater or leſs abundance, according to the 
folidity, and the form of their texture. Wood af- 
frds much more of this ſubſtance than herbs ; gums 
nord more than refins and reſins more than fluid oils. 
Frery different vegetable matter appears to contain this 
ſubſtance in a particular proportion, af we conſider 
charcoal as one of the immediate principles of vege- 
ables. | 

Charcoal is a body poſſeſſed of ſingular properties, 
which are in general but very little known. Though 
be of the higheſt importance in chemiſtry, and exhibit 
p}znomena entirely of a ſingular nature, yet no chemiſt 


mat. 
tireh as yet engaged in a ſeries of experiments with a 
utter, Wie to aſcertain its nature. Stahl, who paid more at- 


ntion to it than it has ſince obtained from any other 
xerſon, thought it the principal repoſitory of phlogiſton. 
Ne know ſcarce any thing concerning the properties of 
urcoal, but what relates to the œconomical purpoſes 


y the 
pf the 
ſed to 


ance; 
, th e which it is applied: the labours of the learned afford 
vege — full information concerning it. 


The phyſical properties of charcoal are different, ac- 
ding to the nature and the ſtate of the vegetables from 
uch it is formed. It is ſometimes hard, and retains 
s, ai ſome degree the organization of the vegetable; at 
ormelMWiver times it is friable, and ſomewhat pulverulent. 
ortionure oils afford a coal in very fine, and ſeemingly levi- 
 Buiffpicd molecules, called lamp-black. Its gravity varies 
ike manner, When well made, it has no perceptible 
Voz. III. B b taſte 
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taſte or ſmell. Its colour is ſubject to as many varieties 


as its other phyſical properties; it is either of a lights 6 
or a deeper, a ſparkling or a dull colour. But the che, het 
mical properties of this moot of We, n the mot Wi <a 
particular examination. ite 

Charcoal expoſed in cloſe veſſels to the utmoſt kin C 
of fire, ſuffers no alteration. . When heated in a pney. prol 
mato-chemical machine, it affords no hydrogenous gu, on : 
unleſs it happen to contain moiſture : an intenſe hex net ! 
reduces it to vapours. When heated in contact wiki nur 
air, it burns it to aſhes ; but with ſingular phanomena, WM don 
which are to be carefully diſtinguiſhed from thoſe n e. 
other combuſtible matters. As ſoon as it takes fire, M bodie 
becomes red, and exhibits a white flame, which is more carb 
conſiderable in proportion as the maſs of charcoal M Roue 
larger. No ſort of ſmoke exhales from it; but it ett) 
reduced into carbonic acid, an elaſtic fluid, which, fron Th 


the fine experiments of M. Lavoiſier, appears to be nc 
thing but a combination of the carbonaceous principe ible 
with the oxigenous—of the latter of which principle 
three fourths of it conſiſt. It is on this account that 
charcoal conſumes ſlowly, and leaves nothing but a cn 
der, more or leſs white, partly of a ſaline, and partly q 
an earthy nature. Different ſorts of charcoal are 
different degrees of inflammability ; and this diſtinctia 
is the moſt uſeful to the arts of all the facts reſpeCting 
charcoal. Some ſorts of it burn readily with flame, a 
are quickly conſumed ; others are difficult to kindk 
burn but ſlowly, and remain a long time red-hot, be 
fore being reduced to aſhes. Some of them,—for i 
ſtance thoſe of oils, —burn indeed, but with the utmo 


difficulty. This property they ſeem to owe to the d 
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ſinate- adheſion of the carbonaceous principle to the 

ter I fred ſalts of the vegetables; and as the proportion of 
che. theſe laſt varies in each vegetable, the denſity of the 
molt I charcoal, and the quantity of reſidue which it leaves 
iter combuſtion, depend on this cauſ. by 
Charcoal, when expoſed to the air, attracts moiſture ; 
probably becauſe it is very porous; and perbaps, too, 


gu, on account of its containing ſalts, though theſe ſalts be 
deu nct in a diſengaged ſtate. When moiſtened, it affords 


bydrogenous gas, which is produced by the decompoſi- 
ton of the water: for, when this fluid is paſſed through 
m earthen tube, filled with red-hot charcoal, the two 
bodies are converted into hydrogenous gas and aeriform 
ebonic acid. Nothing now remains but a little aſhes: 
Royelle has taken notice, that fixed alkali diſſolves a 
pretty conſiderable quantity of charcoal by fuſion, 

The ſulphuric acid, when expoſed to a ſtrong heat 
vi powder of charcoal, is decompoſed by this combuſ- 
üble body, which has a Kronger pfhoity with oxigene 
than ſulphur has. | 

The nitric acid is decompoſed with much more ra- 
idity by charcoal. Dr Prieſtley obſerved, that there was 
| goad deal of nitrous gas produced from this mixture. 
lacquer ſaw the nitric acid, with the help of a certain 
legree of heat, produce a very diſcernible efferveſcence 
th this body. M. Prouſt has ſucceeded in kindling 
arcoal with acid of nitre, the weight of which was 
te ounce four drams and twenty-three grains, in a 
ittle containing an ounce of diſtilled water. The re- 
it of his experiments is of no ſmall importance: And 
ſhall therefore here inſert an account uf them in his 
m words, taken from his Obſervations on Pyrophori 
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without alum, &c: inſerted in * Nane de Medicine 
for July 1778. 
AA coal of the extract of carthamus, N 1 
pouder, and newly calcined, detonized in a very lich 
* manner with the nitrous acid; and the combuſtia Wi « 
ewas ſo rapid, as to raiſe the powder in the form of: 
every beautiful ſky-rocket. I calcined, likewiſe, very Wl « 
* fine powder of common charcoal ; and the detonation 4 
* ſucceeded very well. | &x 
Into a glaſs retort, perfectly 71 e 40 
* a dram of powder of charcoal; after which I poured 
, into the ſame retort about as much nitrous acid: 
te the nitrous acid no ſooner reached the bottom of d 
<« retort, than a detonation was produced with the u 
© moſt rapidity. There proceeded out of the mouth 
the retort, as I held it in my hand, a ſtream of flar 
* more than four inches in length, carrying with it 
« ſome of the powder, and very dark-coloured 


14. 01! 


* of the nitrous acid: The vapours were condenſed i U 
* to a green and ſomewhat ſuming liquor, which poli acid: 
ved to be nitrous acid, weakened by the water wid I 
* entered into the compoſition of that which detonia i phur 
* firſt, I poured a new quantity of nitrous acid on nous 
* coal which ſtill remained in the retort, and continu Ci 
* to inflame it in the ſame way, till the whole quanuy by m 
„ was exhauſted. | | fords 

« This experiment I repeated with calcined lan for t. 
« black; the fame phænomena were exhibited. In f called 
c retort there remained only a very ſmall portion vith ; 


ce aſhes, ſometimes half vitrified, and ſticking to the : red 
E tom of the retort. fakes 


( 
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« All charcoal is uſually impregnated with a conſider- 
« able quantity of moiſture. I found that charcoal cal- 
« cined in the evening was next day unfit for this de- 
« tonation, having acquired, during the intervening ſpace, 
« 2 ſenfible quantity of moiſture. But, what is very 
« ſingular, theſe experiments are ſo capricious, that they 
« do not always ſucceed, even with the ſame: charcoal, 
« and the fame acid, intermixed in the very ſame pro- 
* portions. By the following expedient, I believe, ſuc- 
« cels may be ſecured: When the acid is poured on 
the middle of the charcoal, it does not take fire at all; 
« but, again, when the acid is made to trickle down the 
« fides of the crucible or capſule, till it reach the bot - 
tom, then detonation infallibly follows, and the pow- 
« der is raiſed and kindled by the nitrous acid. When 
the nitrous acid is all conſumedy the detonation 

« ceaſes of courſe, and my reſt of the charcoal remains 
« blac EL | 

We know nothing concerning the action of ha other 
xids on charcoal. 

This body, with the help of heat, decompoſes all ſul- 
phuric ſalts, forming in conſequence ſulphures with ya- 
nous baies. 

Charcoal cauſes nitre to detonize ; the nitre burns it 
by means of the vital air which this ſaline ſubſtance af- 
fords by the action of fire. There is a preparation made 
for the purpoſes of chemiſtry and pharmacy, which is 
called nitre fixed by charcoal. Mix two parts of nitre 
vith one of powder of charcoal ; put the mixture into 
2 red-hot crucible: A lively detonation immediately 
takes place: And, when this detonation ceaſes, there 
| B b 3 remains 
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remains a white maſs, which attracts moiſture from th. 
atmoſphere, and is nothing elſe but the fixed alkali of 
the nitre and the charcoal combined with carbonic acid 
On lixiviating this matter, the water difſolves/the- fixed 
alkali; and what remains is a ſabſtance _—_ fo be 
ot an earthy nature. 

Sulphure of potaſh diſſolves charcoal with es faci. 
lity, both by the dry and by the humid way: it even 1 
combines with it more readily than any der fabftance. WW it i 
We owe this difſcovery to Rouelle. | 
| - Metals do not combine with. chareoal ; but metallic 

oxides are reduced, when expoſed in contact with this 
body, to heat more or leſs intenſe. We have already 
ſeen, under the article of | Metals, that this phænome. 
non is owing to the ſtrong affinity between 52858 and 


pure carbonaceous matter. 
The action of vegetable ſubſtances on charcoal ha 


been but little examined. We know only, that char. 
coal mixed with fat oils, renders them ſuſceptible af 
inflammation by the nitrous acid; a fact which con- 
firms Rouelle's beautiful theory concerning the inflam- 
mation of oils by that acid, | 

Within theſe few years, charcoal has been alledged 
to be very proper for whitening and purifying vege- 
table liquors, when heated along with them. 

All that has been here ſaid concerning the knovn 
properties, of charcoal, tends to prove that this body i 
a' compound of a combuſtible matter, ſaline ſubſtances, 
and earths. | 

The peculiar combuſtible matter. which conſtituts 


more than three ſourths of the compoſition of charcol, 
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ot pure carbonaceous matter, is but little known. It 
pears only to be one of thoſe bodies which have the 
rreateſt affinity with oxigene ; ſo great indeed, that it 
is capable of ſeparating it from every other ſubſtances 
and that, in certain circumſtances, it exhibits pro- 
perties much the ſame with thoſe of native carbure of 
iron. , 

The uſes of charcoal in the arts are ſufficiently known ; 
it is likewiſe of great uſe in chemical operations. 
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Of the Fixed Salts and Earths of Fegetabler: in 


LT HEN a vegetable coal is burnt, there remains : 
grey, blackiſh, or white matter, according t 
the nature of the coal. This ſubſtance, which is called 
aſhes, is of a very compound nature. When the cha 
coal is thoroughly burnt, it contains only different ſaline 
and earthy ſubſtances, mixed with a little iron and 


little manganeſe. When, again, the charcoal does 30 cart! 
burn very freely, the aſhes produced from it ſometime faits 
contain a little inflammable matter which has not been fuſe 
conſumed. M. Lavoiſier, on examining the aſhes of then 


wood made uſe of by the manufacturers of faltpetre 
found it to contain extractive and reſino- extractive ma 
ters. 'The ſaline ſubſtances obtained by hxiviation fros 
the aſhes of charcoal, have received the name of ti 
Fixed Salts of Plants. There are three ſorts of ſalts of & pr 
tained by the incineration of vegetables, the nature iſ Nc. 
which we ſhall here deſcribe. the! 
1 
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i, Potaſh, which is prepared in the north by burn- 
ing wood, which they there poſſeſs in great plenty. 
This ſalt is very impure ; it often contains combuſtible 
matters by which its whiteneſs is impaired, a variety 
of neutral ſalts, ſuch as ſulphate of potaſh"ſoda and 
lime, muriate of potaſh and of ſoda, a little carbonate 
of ſoda, oxide of iron, and earthy matters. To purify 
this ſalt, and extract from it pure potaſh, it is 'dflolved * 
in the ſmalleſt poſſible quantity of cold water. The 
{uid takes up the alkali, with ſome neutral ſalts ; and 
the earth, charcoal, iron, and ſulphate of lime which 
the potaſh frequently contains, are ſeparated by filtra · 
tion. The ſolution is evaporated to a pellicle, and then 
ſuffered to ſettle and cool, in order that the different 
neutral ſalts which it contains may be formed into 
cryſtals. When, at length, after repeated filtration, 
evaporation, and eryſtallization, the lixivium ceaſes to 
iford neutral ſalts, it is evaporated to dryneſs, - and 
calcined. The ſalt thus obtained is carbonate of potaſh, 
intermixed with cauſtic potaſh. It always contains, 
however, ſome neutral ſalts, and a ſmall portion of 
earthy matters, which may be ſeparated by forming theſe 
ſalts and earthy matters into a ftrong ſolution with water, 
luffering that folution to ſettle and reſt for ſometime, and 
then ſeparating, by filtration, the ſediment thus formed. 
the potaſh may now be uſed with confidence as pure, 
even in the niceſt chemical experiments. 

2. Soda is the refidae remaining after the combuſ- 
tion of certain plants which grow on the ſea-thore. It 
is prepared at Alicant, in Languedoc, at Cherbourg, 
dc. by the combuſtion of various plants. At Alicant, 
the kali is employed; at Cherbourg, the algas and 
tucus, commonly known by the name of warech. The 

former 
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former of theſe plants contains a good deal more ſod: 
than the other; which indeed affords but very little, 
Theſe plants are made very dry, and burnt over a trench, 
At Cherbourg, when the combuſtion is conſiderably ad. 
vanced, and the aſhes are become very hot, they ate 
violently ſtirred and kneaded together with large pole, 
By this motion, the ſubſtance, being hot enough to ſuf. 
fer a ſort of ſemi-vitrification, 1s formed- into ſolid, hard 
pieces, which are ſold in commerce under the names of 
ftone-ſoda, ſalicore, ſalicote, la marie, and alun catin. The 
names by which it is chiefly diſtinguiſhed, and which 
denote its particular ſtate, are thoſe either of the country 
from which it comes, or the plant from which it is ob. 
tained. The foda of Alicant, called alſo barilla, is the 
beſt for the purpoſes of chemiſtry, and of all thoſe art 
in which fixed alkali is neceſſary. 

The ſoda of Cherbourg, or varech, contains leſs al. 
kali, and ſhould not be uſed in chemiſtry; but in'glak. 
works it is very advantageouſly employed; for it con. 
tains vitreous frit, which anſwers the purpoſes of the 
glaſs-maker, by promoting the vitrification of the other 
matters. +34 

Common ſoda, chemically conſidered, is àa compound 
of cauſtic ſodæ, carbonate of ſoda, a ſmall proportion 
of carbonate of potaſh, ſulphate of potaſh and ſoda, mu- 
riate of ſoda, charcoal, iron in the ſtate of Pruſſian blu, 
as has been obſerved by Henckel, and earth partly free, 
partly combined with fixed alkali, as in that of Cher 
bourg. To ſeparate theſe ſubſtances, and obtain the cat 
bonate of ſoda in a pure ſtate, they are formed into: 
lixivium with cold diſtilled water: this lixivium is ft 
trated, in order to ſeparate the earth, the iron, and the 
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ſod; BY carbonaceous matters: laſtly, it is evaporated in the 
ile. ame way as pon. This alkali is more eaſily purified 
ach. dan potaſh; for as it cryſtallizes ſooner; it ſeparates 
ad. core readily from the cauſtic ſoda. It however carries 
i it, when it eryſtallizes, ſome of the neutral ſalts 


oles, nd the Pruſſian blue contained in the lixivium, which 
\ (uf. an be ſeparated only by repeated ſolution, and ſucceſ- 
hard BW fre cryſtallization. 


z. There are fixed ſalts prepared in pharmacy, which 
have been ſtrongly recommended by Takenius, and 
hich En bear his name. This chemiſt's proceſs conſiſts in 
ntry NM putting the plant from which the ſalt is meant to be ex- 
mcted into an iron pot, and heating that veſſel till its 
bottom become red - hot: the plant is conſtantly ſtirred, 
and exhales a good deal of ſmoke : at length it kindles: 
it wuſt now be covered up with a lid, which may ſuffer 


ſs al- ae ſmoke to eſcape, but extinguiſh the flame. By this 
vlals Wneans, the plant is gradually conſumed. When redu- 
con- Wed to a fort of blackiſh cinder, it is lixiviated with boil- 
the Wor water; and, on evaporating this lixivium to dryneſs, 
ther N 1cllowiſh or brown falt is obtained. This ſalt is often 


kaline, but very impure ; it contains a good deal of 
xtractive matter, from which it derives a colour, and 
zich is mixed with all the neutral ſalts contained in the 
ant: it is in a ſort of ſaponaceous ſtate, which makes 
blu, Wt very fit for being employed in medicine. But we 
free ust not imagine that it poſſeſſes all the virtues of the 
Ber. ant from which it was extracted; for the combuſtion 
c. eceſſarily alters the principles of the plant. It would 
ato 188: worth while to examine, by a chemical analyſis, the 
s f-Wrcral fixed ſalts prepared in Takenius's way, in order 
Uthe dicorer what ſaline and extraQtive ſubſtances: they 
cou | contain; 
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des 


contain; and to aſeertain their virtues, and the quantilie 
| any thi 


in which they are to be adminiſtered. #9" | 


4. When the aſhes of vegetables are deprived, by l. s, ft 
viation, of alt the ſaline matters which they containel, I vhat h 
the reſidue is nothing but a pulverulent ſubſtance; more careou: 
or leſs white or coloured, inſipid, inſoluble in water, fon tl 

E In de drtor gee who ha 
earths. ard, f 

| The magnet attracts iron id this matter. Thigh tzble n 
iron, as well as the manganeſe which has in like mann: Haſſen 
been for ſome time obtained from this reſidue of vege. feat n 


tables, muſt have exiſted ready formed in the plant. 4 
number of naturaliſts are of opinion, that plants « 
their colours to iron. M. Baume; who, in his V 
on clays, mentions the earthy reſidue of vegetables, af 
firms, that it forms, with the ſulphuric acid, alum an( 
ſulphate of lime, a little different from that which ow 
its formation to pure calcareous earth. From this M 
Baume coneludes, that the earth of vegetables conſil 
of alumine, and of another earth, nearly of a fimikarr 
ture with calcareous earths ; yet diſtin from theſe, u 
it does not form quick-lime by the action of fire. Ut 
thinks that alumine is formed in theſe ſubſtances by thi 
collifions to which ſiliceous earth is expoſed in them 
and by the action of the acids with which it combines 
and that alumine, once formed, paſſes into the ſtate c 
calcareous earth, in conſequence of undergoing ne 
elaborations in the tubes of vegetables. 

We cannot help obſerving in this place, that the di 
coveries made in Sweden concerning the ſaline natur 
of the bones of animals,—which are to animals preciſe 
ly what the fibrous texture of plants is to vegetable! 
ces 
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kes ſeem to ſuggeſt, that the reſidue of vegetables is 
oy thing rather than an earth. Perhaps an exact ana- 
yſis, ſuch as has not yet been made, might ſhew, that 
ohat has been taken for an earthy matter, is rather cal- 
careous phoſphate ; at leaſt we may ſuſpect as much 
om the experiments of Margraff and M. Berthollet, 
who have obtained phoſphorous from the grains of muſ- 
ud, from the gluten, and from various other vege- 
uble matters ;—as well as from the experiments of M. 
Haſſenfratz, who has extracted phofphoric acid from a 
great many marſh plants, 
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FTER conſidering vegetables in the ſtate in which de ferr 
nature preſents them to our obſervation, we may buring 
attend to the alterations and changes which they are liable ¶ nentati 
to ſuffer from various circumſtances: Theſe alterations {Which 
depending entirely on their nature, are always the effet Which 
of a phenomenon, called fermentation. ſate of 
* Fermentation is a ſpontaneous motion which ariſes in ¶ don tak 
vegetables, and ſometimes produces a total change of Whipecies | 
their properties. This motion is peculiar to the fluids of Wie inte 
organic bodies; and no ſubſtances, but ſuch as have {Wipecies 
been elaborated by the functions of vegetable or animal {Whlcchar: 
life, are ſuſceptible of it. Chemiſts have not inſiſted Wnentat! 
ſufficiently on this important truth, the application of {Wyv*ll-acc 
which to the phænomena of organized ſubſtances is ſin- Nerment 
gularly uſeful in medicine. celſary 
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There muſt ſeveral circumſtances concur to promote 
this fermentation. Such as, 

1. A certain degree of fluidity. Dry ſubſtances ſuf- 
er no ſort of fermentation. . 

2. A more moderate or a more intenſe heat. The 
degrees of heat vary with the ſorts of fermentation ; 
but cold ſtops the progreſs of every kind of fermen- 
ation. 


Boerbaave, and after him other chemiſts, have diſtin- 


mentation, which produces alcohol ;—acetous fermen- 
tation, which affords vinegar or acetous acid ;—and pu- 
nid fermentation or putrefaction, which produces am- 
noniac. It is to be obſerved, that there are ſeveral fer- 
nenting motions, which cannot be referred to any of 
theſe three claſſes of fermentation.— Such, perhaps, are 
the fermentations of bread, of inſipid mucilages, of co- 
luring matters, &c. It has been thought, that fer- 
mentations always ſucceed each other in the order in 
which we have mentioned them : but there are bodies 
which become acid, without paſſing previouſly into the 
tate of putrefaction; and, in other inſtances, putrefac- 
tion takes place without being preceded by the two other 
ſpecies of fermentation. We may likewiſe obſerve, that 
the internal motion of maturation ſeems to conſtitute a 
ſpecies of primary fermentation, which calls forth the 
accharine matter from a latent ſtate. It is ſpirituous fer- 
mentation which affords alcohol. In order to become 
vell-acquainted with the phænomena of this ſpecies of 
fermentation, we may conſider, 1. The conditions ne- 
ceſſary to its productions; 2. The phenomena which 
company it; 3. The ſeveral matters ſuſceptible of it; 
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guiſhed fermentation into three kinds: Spirituous fer- 
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| which it forms. 


4. The cauſe of this internal motion; 5 The produd 


It is well known to chemiſts, that all vegetable mat, 
ters are not ſuſceptiFie of ſpirituous fermentation, and 
that, in order to its taking place, ſeveral different cit. 
cumſtances muſt concur. Theſe we are to conſider a 
neceſſary conditions of ſpirituous fermentation. 

Theſe conditions are, 

1. A ſaccharine mucilage. No other matter is ſales 
tible of ſpirituous fermentation. 

2. A ſomewhat viſcous fluidity. Too fluid a juice i 
no more ſuſceptible of ſpirituous fermentation than one nde tl 


that is too thick. proves 


3. The heat of —from! t ten to \fificen 5 nM day 
Reaumur's, or from fifty - five to fixty-five of Fahren. ¶ perfecti 


heit's. thoſe v 
. A conſiderable maſs of matter in which a gif xery dz 
motion may be excited. 7. T 


When theſe four conditions concur, ſpirituous fer-Wic forn 
mentation then takes place; and certain phenomena 
invariably accompany it. The following are what 
have been diſcovered by obſervation concerning it. Al 

1. A motion is raiſed in the liquor, which become vor lo! 
more and more conſiderable, till at length the ferWeccomes 
mentation is fairly eſtabliſhed through the whole mals. Woricatic 

2. The bulk of the mixture is conſiderably enlarged, 
in proportion as the motion is communicated througi 
the whole maſs. | B. 

3. The liquor loſes its tranſparency, and is rendered: 
turbid by opaque filaments appearing in motion througl 
all parts of it. 
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4, There is a heat produced, amounting, according 
jo the Abbe Rozier, to eighteen degrees of Reaumur, 
or ſeventy-two and one half, Fahrenheit. 

5. The ſolid parts intermixed with the liquor are 
niſed; and ſwim, in conſequence of the diſengagment 
of an elaſtic fluid. 

6. There is a conſiderable quantity of carbonic acid 
gas diſengaged. This gas forms a ſtratum above the 
liquor in the veſſel containing it, which may be eaſily 
diſtinguiſhed from common air. It was on air thus pro- 
duced, that Dr Prieſtley and the Duke de Chaulnes 
made their fine experiments. It extinguithes lights, and 
proves fatal to animals. It produces from lime-water a 
dalky precipitate : Cauſtic alkali it cauſes to cryſtallize - 
perfectly. This acid is what renders the employment of 
thoſe who are engaged in conducting a ſo 
xery dangerous to health. 

7. The diſengagement of this gas is attended with 
e formation of a great many bubbles, which depend on 
te viſcidity of the liquor through which the carbonic 
jad muſt paſs. 

Al theſe phenomena ceaſe by degrees, as the li- 
mor loſes its ſweet taſte and ſaccharine nature, and 
comes briſk, pungent, and capable of producing in- 
bxication. | 

Men have been taught by neceſſity to prepare fer- 
dented liquors from many different vegetable ſubſtan- 
. But experience has evinced, that none but ſaccha- 
ered Wie matters are properly ſuitable for this purpoſe. The 
ug ccharine matters which are moſt commonly uſed in the 

eparation of fermented liquors, and which therefore 

Leſerve to be examined here, are the following: 
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and put inta open caſks. It there ſuffers inſenſibiy 


timately combined. It precipitates a fine lee, and a i 
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1. The juice of the grape, properly ſo called, pio. rags d 
duces wine, the beſt of all fermented liquors. In learn. _ 
ing the art of cultivating vines, which is of great im. ſt i 
portance, it will be proper to examine, 1. The nature I ge dit 
of the ſoil on which the vine grows; a dry parched foi! riety c 
is known to be very favourable to this plant, as it does beſt fc 
not thrive well in a ſtrong fat foil :-—2. The mode of WM .cmbir 
managing and cultivating this vegetable; it is to be nes © 
pruned, and its branches bent down, to retard the pro. qualitic 
greſs of the ſap. Care muſt by taken to have the vine W|,ved 1 
expoſed to the ſun, particularly to the reflection of hi or alco 
rays from the ground, &c. ; and it does not need to be nagnee * 

' ſupplied with any ſort of manure, &c. :—3. The hilton Wl white 9 
of the vegetation of the vine, its expoſure, its flowering, ; uct 
and the formation and ripening of the grape :—4 ne latt 
of the accidents to which it is liable from froſt, rain, Her ſparl 
moiſture :—5. The ſeaſon of the vintage, which ſhould quence 
be dry and hot. When this previous knowledge is id be 
quired, the art of making wine is next to be conſidered; Guyenr 
which conſiſts in putting the grapes, after pulling then, ¶ nachic 
into a veſſel expoſed to the heat of fifteen or ſixteen de ftrongly 
grees, and cruſhing, ſtirring, and turning them : fer foreign 


mentation is then produced, with all its uſual phaznoneW.; Rhen! 
na. The juice of the grape, or muſt, ſhould not be ind of: 
ther too fluid or too thick; when too fluid, it may | 
thickened by boiling ; when too thick, it muſt be dilute 
with vater. When the wine is made, it is drawn ol, 
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known by the name of tartar, which we have examir 
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rags dipped in ſulphur are burnt in the caſk in which it 
i; contained. 1 by 

It is farther of importance, to be able to diſtinguiſh 
the different ſorts of wine. France produces a great va- 
riety of excellent wines: thoſe of Burgundy are the 
beſt for conſtant uſe : their principles are ſo perfectly 
combined, that none is predominant over the reſt. The 
vines of the diſtrict of Orleans acquire nearly the ſame 
qualities with thoſe of Burgundy, when time has me!- 
lowed their harſhneſs, and ſubdued the exceſs of ſpirit 
or alcohol which they contain. The red wines of Cham- 
pagne are very excellent, and of a delicate flavour. lie 
white wine of the fame country which does not ſparkle, 
3; much better than that which ſparkles ; for the taſte of 
the latter is tart and ſouriſh; and it owes its quality 
of ſparkling to its containing carbonic acid, in conſe- 
quence of having been bottled before the fermentation 
had been finiſhed. The wines of Languedoc and 
Guyenne are deep coloured, and highly tonic and ſto- 
machic ; eſpecially when old. The wines of Anjou are 
trongly ſpirituous, and therefore ſoon intoxicate. As to 
orcign wines, thoſe of Germany, known by the name 
of Rheniſb and IMAgſelle wines, arc white, very ſpirituous, 
and of a freſh poignant taſte : They very ſoon intoxi- 
cate. Some Italian wines, ſuch as thoſe of Orvietto, 
Vicenza, and Lachryma Chriſti, &c; are well ferment- 
ed, and not much inferior to good French wines, 
Thoſe of Spain and Greece are, in general, ſweet, 
crude, iinperfectly fermented, and very unwholeſone. 
Ve mult, however, except thoſe of Rota and Alicant, 
vaich are deſerredly eſteemed very uſeful ſftomaciic: 
ac cordials. 
Cc 2 g 
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2. Apples and pears afford cyder and perry: These 
are pretty good liquors ; and M. D*Arcet has ſhown, 
that brandy may be obtained from them. 

3. Cherries afford a pretty good wine, from which 
that ſpecies of brandy which the Germans call Kirchen. 
evaſſer is extracted. 

4. Apricots, peaches, and Plans, afford a ſpecies not 
quite ſo good. 

5. Sugar diſſolved in water eaſily ferments. Fron 
this ſort of wine, prepared from the juice of the cane, 
there is a ſpirit extracted, which is known by the nang 
of taffia, rum, guil dive, &c. 

6. Gramineous ſeeds, and of theſe elpecially barley, 
afford a ſort of wine, called beer. The following are the 
proceſſes of the art of brewing : The barley is ſteeped 
in water for thirty or forty hours, to ſoften it. It i 
then laid in a heap, and left in that ſtate till it begin to 
germinate. It is then dried in a kiln; and the bud 
are ſeparated by ſifting : after which, it is coarſch 
ground into what is called ma. The. malt is put int 
a veſſel, called the maſh-tun, and hot water poured upon 
it to diſſolve the mucilage. 


the fermentation begins to ſubſide, the beer is ſtirred 
and drawn off into cafks. 
throws up a ſcum called yea, which is kept for fe 
menting future brewings. Germination calls forth, fro 


a latent ſtate, a certain ſaccharine matter in barley,! 
wic 


This being drawn off, a f. 
cond quantity of hot water is poured upon the malt; 
and in like manner drawn off, This fluid is called 
wort, and boiled with hops; after which it is putto 
ferment, with yeaſt, into a veſſe] called the cooler. When 
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which malt owes its property of affording a wine. A 
imilar liquor might be prepared from moſt other gra- 

mineous ſeeds. | A 

All theſe facts concur to ſhow, that the ſaccharine 
matter is the only principle of vegetables ſuſceptible of 
pirituous fermentation, and that water is neceſſary to the 
production of this inteſtine motion. Modern chemiſts 
are of opinion, that vinous fermentation conſiſts ſolely 
in a change of the proportion of the ſaccharine prin- 
ciples. A great part of the oxigene combines with 
the carbonaceous matter, to form the carbonic acid 
that is diſengaged during the fermentation ; whilſt the 
hydrogene, combined with a ſmall. portion of carbone, 
forms a very light. and ſubtle combuſtible body, which 
contains much leſs carbonaceous matter than ſugar, and 
is much lighter, and much more inflammable, and con- 
litutes what is called alcohol. | 

The product of all theſe fermented ſubſtances is a pecu- 
liar liquor, more or leſs coloured, of an aromatic ſmell, 
of an hot, poignant taſte z which, when taken in a ſmall 
quantity, re- invigorates the fibres, and, when drunk in 
too great abundance, intoxicates ; and is known over 
all the world by the name of Wine. 

The wine of grapes, for inſtance, is a compound con- 
iſting of a large proportion of water,—an aroma, pe- 
uliar to each different ſort of wine, —alcohol, —an eſ- 
ential ſalt, called tartar, —and an extraQto-reſinous 
olouring matter, to which red wines owe their co- 
jour, 

Before proceeding to explain the means by which theſe 
principles may be ſeparated, it may be proper to give 
Cc 3 ſome 
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ſome account of the properties and uſes of pure un, 2 fr 
tered wine. Wine, by means of the water, alcche recei 
and eſſential acid ſalt which it contains, is capable of ar WI be f 


ſolving a great many bodies. It unites with extrac, and 
reſins, certain metals, &c. Theſe are the properia il comp 
which render wine fit for entering into medical Prepa- oil, 
rations. Theſe preparations are, 1. Emetic wine, whic i and 2 
is prepared by macerating four ounces of crocus nn, The © 
Frum in two pounds of good white wine. The liquor '* thi 
is filcrated, or elſe made uſe of in a turbid tare, a; 1 rather 


powerful ſtimulus in caſes of apoplexy, palſy, &c— of the 
2. Chalybeate wine, prepared by digeſting an ounce of ſhall | 
iron-filings with two pounds of white wine. It is af after 2 
excellent tonic and aperient.—3. Vegetable wines, vid barſh: 
are prepared, A, either with red wine, in which aſtrin. '2 con 
gent aromatic plants are macerated; or, B, with Sp ing! 
niſh wine. Both the wine of ſquills, and the liquid lu. decom 
danum of Sydenham, are prepared with this ſpecies of mi 
wine. Ihe latter of theſe is prepared by digeſting, for vith t. 
a number of days, two ounces of opium cut into ſice I Ihe re 
an ounce of ſaffron, and a drachm of cinnaman an( tracted 
cloves, in a pound of Spaniſh wine. This mixture, t. of an e 
ken in dozes of a few drops, is an excellent calming by alco 
medicine, eſpecially when there is reaſon to fear tha te is 
opium might weaken the patient too much, or might pora 
hinder ſome ufeful evacuation. is ſolub! 
The action of fire is commonly uſed to decompol extracti 
wine, and ſeparate its different principles. The liquat ferment 
is diſtilled in an alembic of copper plated with tin, wit From th 
a receiver adapted to it, As ſoon as the wine is bew boſed of 
ed to ebullition, it affords a white fluid, in a ſmall de 7 on” 
ol fire. 


gree opaque and milky, of a hot poignant taſte, and d 


Spirituous Fermentation. 407 


a ſtrong ſweet ſmell. This fluid is collected into the 
receiver, -till ſuch time as the vapours exhaling ceaſe to 
be ſuſceptible of inflammation at the approach of a 
candle. This product is what is called Brandy : It is a 
compound of water, alcohol, and a ſmall quantity of 
oil, which obſcures its tranſparency while it is diſtilled, 
and afterwards communicates to it ' a yellow colour. 
The colour of old brandy is not, however, owing ſolely 
to this oil which paſſes with it when it is diſtilled, but 
rather to the extractive matter of that part of the wood 
of the cafſks which it has diſſolved. Alcohol, as we 
ſhall hereafter ſee, is extracted from brandy. Wine, 
after affording brandy, aſſumes a deeper colour, and a 
harſh acid taſte ; it is alſo turbid, and may be obſerved 
to contain a great many faline cryſtals, which are no- 
thing but tartar. This fluid is now, therefore, totallv 
decompoſed, and its original properties cannot be again 
communicated to it, by combining the ſpirituous product 
with the reſidue : The analyſis is therefore complicated. 
The reſidue of wine from which brandy has been ex- 
tracted, takes, by evaporation, the form and ccnliſtency 
of an extract. The colouring part may be ſeparated 
by alcohol, which does not affect the tartar. This tinc- 
ture is not liable to be precipitated by water. When 
evaporated to dryneſs, the reſidue readily takes fire, and 
is ſoluble in water. It is, in its nature, a true reſino- 
extractive ſubſtance, which the alcohol formed by the 
fermentation has taken up from the pellicles of the grapes. 
From this analyſis it appears, that wine is actually com- 
poled of water, alcohol, tartar, a colouring matter, and 
an aroma, which is deſtroyed or modified by the action 
of fire. We already know the nature and properties 
C 4 of 
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of moſt of theſe ſubſtances : we have only alcohol to 
examine. 

Before we proceed to ſpeak of this product, it will be 
proper to ſay ſomething concerning a ſubſtance which iz 
precipitated from wine while it ferments, and is called 
lzes. It conſiſts of the ſeeds and ſkins of grapes, in. 
pure tartar, and ſulphate of potafh, or vitriolated tartar. 
Brandy is obtained from it by diſtillation with naked 
fire. When treated in a retort, it affords an acid phlegm, 
and ammoniac ; and its coaly reſidue contains carbo. 
nate and ſulphate of potaſh. The lees of wine, incine. 
rated in the open air, afford cauſtic potaſh, mixed with 
carbonate and ſulphate of potaſh ; a ſubſtance known in 
the arts by the name of cendres gravelees. The particu. 
lars which we are to relate concerning the properties of 
alcohol, will complete what has been here ſaid concern- 
ing the properties of lees. 

Several chemiſts were of opinion, that the alcohol, in 
this analyſis. of wine, was only diſengaged by the action 
of the fire. But if this ſubſtance were ready formed in 
the wine, it would be obtained by a very gentle heat, 
whilſt this can be effected only by ebullition. Thus, 
modern chemiſts conceive, that the alcohol is formed by 
the heat of ebullition, that its principles, wiz. a large 
proportion of hydrogene, with a ſmall quantity of ca- 
bone, combine together during the diſtillation of wine; 
in ſhort, that this liquor contains only the principles of 
alcohol. 
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C HAP. XXIII. 
Of Alcolool, or the, Product of Spirituous Fermentation. 


Bur. obtained from wine by diſtillation with 
naked fire, is a compound of alcohol, water, and a 

ſmall portion of oily matter. Diſtillation is employed to 
ſeparate theſe ſubſtances, and give the alcohol pure. 
There are ſeveral proceſſes for the diſtillation of alcohol. 
M. Baume recommends the diſtillation of brandy on a 
balneum-mariz, to be repeated as often as may be ne- 
ceſſary for the extraction of all the ſpirit which it con- 
tains. He directs, to ſeparate the firſt fourth part of the 
product of the firſt diſtillation, and, in like manner, the 
firſt half of the product of the ſucceeding diſtillations ; 
then to mix all theſe firſt products together, and rectify 
them by a gentle heat. The firſt half of the liquor which 
paſſes in this rectification, is the pureſt and ſtrongeſt al- 
cohol : the reſt is a weaker alcohol, but ſtill better for 
ordinary purpoſes. Rouelle direQs to extract, by di- 
lillation on the water-bath, one half of the brandy made 
ale of: this firſt product is common alcohol. By recti- 
I fying 
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fying it twice, and reducing it about two thirds of in 
original quantity, the ſtrongelt alcohol is obtained: 
This, according to Kunckel's procels, is to be-agzin 


diſtilled with water, to ſeparate the oil by which it i 


altered. This alcohol, after the diſtillation with wate, 


is rectified ; and the operator is now certain of its be. 


ing perfectly pure. The reſidue of diſtilled brandy is 
nothing but water impregnated with ſome particles of 
colouring matter, with a peculiar oil floating on its ſur. 


face. 


It may be naturally inferred, that this fluid being pre. 
pared by various proceſſes, will be, at different times, d 
different degrees of ſtrength. Attempts have long ber 
made to diſcoyer ſome means of aſcertaining its purity, 
It was at firſt thought, that the alcohol which bum 
readily, and leaves no reſidue, muſt be very pure: But 
it is now known, that the heat produced by its com. 
buſtion is ſufficiently ſtrong to diſſipate all the phlegn 
which it may contain. Powder has been propoſed a3 
teſt of its purity. Alcohol that does not kindle guy 
powder, when it is itſelf kindled, and applied to it ö 
a ſpoon, is conſidered as bad; but if it does Kindle 
the powder, it is thought very good. This proch 
however, is fallacious; for when any conſiderabk 
quantity, even of the beſt alcohol, is poured on 
little powder, the water which it affords as it burns, 
moiſtens the powder ſo as to hinder it from kindling; 


whereas, again, the ſame powder may be kindle 
by burning at its ſurface a very ſmall quantity ewe 
This method of proof i 

therefore not more certain than the former. Bon 
haave gives a very good proceſs for aſcertaining the 


of phlegmatic alcohol, 


purity of alcohol, It conſiſts in caſting dry powder 
pol 
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potaſh into the alkali under examination. The potath 
enters into union with the ſuperabundant water of the 
alcohol, and forms with it a more ponderous and a high- 
er coloured fluid, which does not mix with the alcohol, 
but ſinks under it. Laſtly, M. Baume, proceeding upon 
this principle, that the purer alcohol is, ſo much the more 
does its levity exceed that of water, has contrived an 
arcometer, by means of which the degree of the purity 
of this, or of any other fpirituous liquor, may be accu- 
ntely aſcertained. When that inſtrument is immerſed 
in alcohol, the purer the fluid is, ſo much the deeper 


does it fink. He has aſcertained, by a number of ac- 
"IF curate experiments, that the pureſt and moſt highly 
"if rectified alcohol gives thirty-nine degrees of his areo- 
WT meter, at ten degrees of Reaumur's thermometer. The 
But method of conſtructing this inſtrument, with the reſults 
"I which alcohol afforded when mixed with various quan- 
* ities of water, may be ſcen in his Elements of Pharma- 


cy, and may be applied to determine the ſtrength of 
ſpirit of wine by the hydrometer. 
Pure alcohol, obtained by the proceſs above deſcribed, 


„ tranſparent fluid, very moveable, and very light, 
roc, . . . . . 
1 which weighs ſix drachms and forty-eight grains, in a 


bottle containing an ounce of diſtilled water. Its ſmel} 
is poignant and agreeable; its taſte hot and pungent. 
lt is exceedingly volatile. When expoſed even to a 
light degree of heat in cloſe veſſels, it aſcends, and paſſes 
unaltered into the receiver. By this means it is concen- 
ated ; and any little water which it might contain is ſe- 
parated from it. On this account the firſt portions are 
he ſweeteſt, the pureſt, and the moſt volatile. It was 
ormerly thought, that there was a good deal of air diſ- 
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engaged from alcohol when diſtilled; but what waz 
thought to be air is now known to be the ſpirituous 
part of the fluid, which eſcapes from the water, and is 
volatilized in the ſtate of gas. 

When alcohol is heated in contact with air, it ſoon 
kindles, and burns with .a light flame, the middle of 


Boerl 
48 2 
acid 
fore, 
whom 
think 


| which is white, and the edges blue . if it has been well true n 


dephlegmated, it burns in this manner without leaving Wl her 
any reſidue. Various chemiſts have attempted to di. ; larg 
cover what products alcohol afforded when burnt. They Kar 
have aſcertained, that its flame is not accompanied with Alec 
any ſoot or ſmoke, and that the products volatilized I e te 
prove to be nothing but pure water, inſipid, inodorous, point, 

and perfectly in the ſame ſtate with diſtilled water. Thi Wl ben! 
phanomenon induced Boerhaave to think, that the flame hotter 

was owing to the water; and his opinion receives con. crapor- 
firmation from what is at preſent known concerning the degree 
hydrogenous gas obtained from the decompoſition o grees 


water, —and concerning the compoſition of water bly; 5 F. 
the combuſtion of the ſame gas with vital air. M. La. auid. 

voiſier, on burning alcohol in a chimney, which vu Alco 
fo conſtructed and diſpoſed as to collect the vapoun, Wiz perfec 


diſcovered, that the quantity of water obtained is greate beat, ar 
than the quantity of alcohol burnt ; a fact from ubid of whicl 
it appears, that alcohol contains a great deal of hydro-Mo ſtror 
genous gas. On the other hand, M. Berthollet has re. tuo fluio 
marked, that when a mixture of alcohol and water vMho! man. 
burnt, the fluid reſidue precipitates lime- water. Ti . ad 
experiment ſhews, that alcohol contains a little carbonWanq prec 
ceous matter, which, by its combuſtion, or combinationhi; prop 
with oxigene, forms carbonic acid. Chemiſts have esto precip 


tertained different opinions concerning its nature. Stall pbtain 
Boerhaar! 
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Boerhaave, and ſeveral others, have conſidered this fluid 
1s a compound of a very ſubtle oil, with an attenuated 
acid and water. According to this opinion, there- 
fore, it is a ſort of acid ſoap. Others, at the head of 
whom Cartheuſer and Macquer deſerve to be named, 
think alcohol to conſiſt of phlogiſton and water. The 
rue nature of this liquor is not well known; but it is 
rather conſidered as a particular compound, conſiſting of 
z large proportion of hydrogene, with a ſmall quantity 
of carbone. 

Alcohol,- when expoſed to the air, is evaporated at 
the temperature of ten degrees above the freezing 
point, and leaves no reſidue, except a little water, 
when it has not been ſufficiently dephlegmated. The 
hotter the atmoſphere, ſo much the more rapid is the 
eaporation. It is attended with a greater or a leſs 
degree of cold, according to its rapidity. At 68 de- 
grees of heat above © in Reaumur's thermometer, 
18 5 Fahrenheit, alcohol takes the form of an elaſtic 
fluid. | 

Alcohol combines with water in any proportion, and 
i perfectly ſoluble in it. This ſolution is attended with 
heat, and forms different ſorts of brandy, the ſtrength 


Jof which is in proportion to the quantity of the alcohol, 


do ſtrong is the affinity of combination between theſe 
two fluids, that water is capable of ſeparating from alco- 
hol many of the other bodies which may be united with 
it; and again, alcohol decompoſes moſt faline ſolutions, 


and precipitates the ſalts. On account of its poſſeſſing 


is property, Boulduc has propoſed the ule of alcohol 
o precipitate the ſalts contained in mineral waters, and 


obtain them without alteration. 
Alcohol! 
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Alcohol does not act on pure earths.” We know not 
whether it be liable to be altered by barytes or mag. 
neſia. Lime appears to be capable of producing ſome 
change upon it; for when alcohol is diſtilled on this 
falino-terreous ſubſtance, the fluid acquires a peculia WM them 
ſmell. But this phænomenon has not been ſufficienty highly 


attended to. | of thi 


The fixed alkalis actually decompoſe alcohol, as is Ibis n 
proved by the preparation known in pharmacy by the ful rec 


name of acrid tincture of tartar. In preparing this m . WW utar, 


dicine, a quantity of potaſh is melted in a crucible, an tinctur 
either pulverized hot, or put into a matraſs : highly de. Wl Farace 
phlegmated alcohol is poured to three or four fingen inſtead 
depth above the ſalt : the matraſs is cloſed with ano. Wtiely d 
ther of a ſmaller ſize : theſe are luted together, and the WW unleſs 
whole is digeſted on a ſand-bath, till the alcohol acquire lt is c 
2 reddiſh colour. Either more or leſs alkali remains u lutions 

the bottom of the veſſel. By diſtilling the acrid tinc.WWUppy ! 
ture of tartar, we obtain an alcohol of a ſweet ſmel.¶ bave it 
but little altered; and there remains in the retort a mon 
ter reſembling a ſaponaceous extract, which, when di. llium, 

{tilled by naked fire, affords alcohol, ammoniac, and i They a: 


light empyreumatic oil. After this operation, a littl ſtrength 
charcoal remains, which is found to contain the potalh greſs of 
From this experiment it would appear, that alcohol con mall. po 
tains or forms an oil, which the fixed alkali ſeizes, ui Ihe 
forms with it a real ſoap that is found in the portion a Vet beer 
the alcohol which has not ſuffered decompoſition. Tix Alb th 
lilium of Paracelſus differs from the acrid tincture of tat vorthy 
tar, only in that the fixed alkali employed in the pre Foncent 
paration of it appears to have been reduced to a caulii ty of 
take plac 


ſtate by the metallic oxides with which it was heat 
: Th 


44 
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The martial, yovial, and cupreous reguli of antimony, of 


dt 

WH ach four ounces, are fuſed together, reduced to pow- 
l ler, and detonĩzed with eighteen ounces of. nitre, and 
u F much. tartar: they are urged with fire till they melt ; 
be mixture is then pulveriſed, put into a matraſs, and 
ly lctly dephlegmated alcohol poured upon it, to the depth 


of three or four fingers breadth: above the powder. 
This mixture, digeſted on a ſand-bath, aſſumes a beauti- 
ful red colour, deeper than that of the acrid tincture of 
tartar, and exhibits all the ſame: phænomena. That 
indture may be rendered entirely ſimilar to the lilium of 
Paracelfus, by digeſting alcohol on cauſtic fixed alkali, 


irely deprived of its carbonic acid by the action of fire, 
unleſs it be kept for a long time red-hot. M. Berthol- 
et is convinced that theſe tinctures are nothing but ſo- 
lutions of cauſtic potaſh in alcohol, and they afford an 
happy mode of obtaining this alkali very pure, as they 
leave it ſeparate by evaporation. Alcohol acts in the ſame 
way on pure ſoda. The acrid tincture of tartar, and the 


= 5 3 „ *' ©: 


at 
. lilium, are very good tonics, and powerful diſcuſſives. 
They are employed in all caſes in which the natural 


ſtrength of the patient is not ſufficient to ſupport the pro- 
greſs of his diſeaſe to a criſis, as in the malignant fever, 
[mall-pox of a bad kind, &c. 

The action of cauſtic ammoniac on alcohol has not 
yet been examined. | 

Alt the acids exhibit with alcohol phænomena highly 
worthy of obſervation. When a quantity of ſtrongly 
concentrated ſulphuric acid is poured on an equal quan- 
tity of rectiãed alcohol, a remarkable heat and hiſſing 
take place. The two ſubſtances become coloured ; and 
I | there 


inſtead of uſing fixed ſalt of tartar, which is not en- 


416 | Alcobol. 
there is at the ſame time exhaled from them a fc 


ſmell, reſembling that of lemons, or the apple cally = 
che golden rennet. If the retort in which this mixim * 
is uſually made be placed on a hot fand-bath, with ty h — 
arge balloons adapted to it, the firſt being immerſed in jy 
a veſſel full of cold water, the products obtained ar, 709 
1. A ſweet-ſmelling alcohol. 2. A liquor called zthe, * 


of a very ſweet ſmell, extremely volatile, and who lephleg 
preſence is indicated by the ebullition of the liquor coy 
tained in the retort, and by the large ſtriz with which 
the ſides of the veſſel are furrowed. Care muſt x 
taken to cool the receiver with wet cloths. 3. Aka 
the zther follows ſulphureous acid, the white colon 
and ſmell of which ſhew that it is time to change the 
receiver, in order to: obtain the æther ſeparate. - 4 
There is at the fame time volatilized a light ' yellowid 
oil, which is called ſueet oil of wine. The fire mult by 
greatly moderated aftes. the æther has paſſed; becauls 
the matter now remaining in the retort is black and 
thick, and ſwells conſiderably. 5. When the ſweet oli 
all diſtilled, there likewiſe paſſes ſulphureous acid, whic 
becomes gradually thicker, till at laſt it is nothing but 


h all ch 
ig the | 
e two 
which 


ver, wl 


ompoun 
black and dirty ſulphuric acid. 6. Continuing this ape (he f. 
ration by a moderate fire, the reſidue is at length e vate: 


much dried as to take the form and conſiſtency of Tt 
bitumen. This bitumen expoſed to a very ſtrong fee frſt, 
affords an acid liquor, and a dry yellowith ſubſtanaſiddle 
like ſulphur. M. Baume, who has made a long tra 
of experiments on ſulphuric æther, has examined ti 
reſidue with a great deal of care: He has found ini 
ſulphate of iron, Pruſſian blue, a ſaline ſubſtance, and 


peculiar earth, the nature of which he has not dete 
mines 
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aid. He even aſſerts, that the yellow ſublimate which 
« affords is not ſulphur; and that it remains white 
1nd pulyerulent, without being kindled on the coals. 
To theſe particulars we ſhall add, that a new quantity of 
ether may be obtained from the reſidue from which 
.der has been once obtained, by adding to it, ac- 
Wording to M. Cadet's proceſs, one third part of alcohol 
dephlegmated by potaſh, and diſtilling that mixture. 
Theſe diſtillations may be ſeveral times repeated; ſo that 
am a mixture of ſix pounds of ſulphuric acid with al- 
ohol, by adding to it ſucceſſively fifteen pounds of the 
ner of theſe fluids, more than ten pounds of good 
ether may be obtained. 
The operation which we have been deſcribing 1s, by 
ie phænomena which it preſents, one of the moſt ſin- 
ular, and at the ſame time ane of the moſt important, 
h all chemiſtry, as it affords ſome information concern- 
ig the principles of which alcohol is compoſed. There 
e two opinions concerning the formation of zther ; 
which it is proper for us to give ſome account. Mac- 
ver, who, as has been mentioned, thinks alcohol a 
ompound of water with phlogiſton, is of opinion, that 


le water of the alcohol, brings it nearer in nature to 
Thus, according to this opinion, there paſſes, at 
e firſt, alcohol a little altered; —then a fluid of a 
iddle charaQter between alcahol and oil, which is 
her —and, laſtly, a genuine oil; becauſe the ſtronger 
e heat employed to obtain the zther, with the greater 
ergy does the ſulphuri- acid act on the principles of 
e alcohol. Bucquet, ſtruck with a ſtrong objection 
"WF <2 he made to this theory, namely, its being hard to 
wen vox. III. D d conceive 


| the formation of æther, the ſulphuric acid, ſeizing 
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conceive how the ſulphuric acid, impregnated as it mul 
be, from the time when it begins to act upon the 0 
hol, with a certain quantity of water, abſtracted fron 
that fluid, can, notwithſtanding this dilution, re. act ig 
ſuch force on another part of the ſame alcohol, az 1 
reduce it into an oily ſtate, —has advanced another 
opinion concerning the production of æther. He con, 
ſidered alcohol as a fluid compounded of oil, an acid 
and water: He thought, that when the ſulphuric acil 
was mixed with alcohol, the reſult of the mixture waz; 
ſort of bituminous fluid, which afforded by heat the fame 
principles with all the other bitumens, — that is to ſay, 
a light oil, very odorous, and highly combuſtible;; 
ſort of naphtha, which was æther; and then an oil, les 
volatile, but higher coloured than the former, which i 
the ſweet oil of wine. We will in fact ſee, in examins 
ing the properties of æther, that this fluid has all the 
charaQeriſtics of a very ſubtle oil, ſuch as naphtha. This 
theory does not afford a ſufficiently clear explanation 
what paſſes in the preparation of æther. It appears, that 
the alcohol deprives the ſulphuric acid of its oxigene;= 
that a part of the hydrogenous principle contained in the 
alcohol, combines with this oxigene to form water 
and that the alcohol, after loſing that part of its hydro- 
gene, forms æther. But we are not acquainted with al 
that paſles in this operation. | 

Ether, obtained by the proceſs here deſcribed, is nd 
very pure: It is combined with alcohol and ſulphureow 
acid. To rectify it, it is diſtilled in a retort, on a ſand 
bath, with fixed alkali. This ſalt combines with tit 
ſulphureous acid, and the æther then paſſes very putt 
by the moſt moderate heat. By ſeparating the firſt bal 
| 0! 
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„uns product, the æther is id in the pureſt and 
0 molt ey rectified ſtate. 

* Ether is a fluid lighter than alcohol, of a ſtrong ſweet 
n (ell, ſuſceptible of great expanſion, and of a hot, and 
1 pungent taſte. It is ſo volatile, that when ſtirred or 
e baken, it is difſipated in an inſtant. When evaporating, 
NB it produces a cold ſufficient to freeze water, as M. 
ume has ſhewn by his beautiful experiments. It is 
al BY reduced into a fort of æthereal gas, which burns with 
* oY rapidity. Air in which æther is contained, in a ſtate of 
IF ſolution, will pafs through water without loſing its odour 
TB or inflammability. Ether is very eaſily kindled, by be- 
ng heated in the open air, or brought into contact with 
ch 2 burning body; the electric ſpark likewiſe kindles it. 
OE | difplays a very luminous white flame, and leaves a 
BY black, and ſeemingly carbonaceous, mark on the ſurfaces 
tk of bodies expoſed to its flame. M. Lavoiſier has pro- 
EY red, that carbonic acid is formed during the combuſ- 
4 tion of this liquor; and M. Scheele, that the reſidue of 


zther burnt on a little water contains fulphuric acid. 

Ether, according to the Count de Lauraguais, is diſ- 
ſolved in ten parts of water. The phamomena which 
ether is capable of exhibiting with ſaline ſubſtances, 
have not yet been particularly examined. We know 
only how it re· acts on acids Lime and the fixed alkalis 
do not appear capable of producing any alteration upon 
it, Cauſtic ammoniac mixes with it in all proportions, 
forming with it a matter, the mixed ſmell of which 
might produce very happy effects in ſpaſmodic com- 
paints. The ſulphuric acid becomes conſiderably hot 
vith zther, and is capable of converting a great part of it 
no ſweet oil of wine, by diſtillation, The fuming ni- 
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trous acid excites a conſiderable efferveſcence in then 

and æther appears to become higher coloured, and mon, 
oily, and to acquire greater conſiſtency, in conſequence 
of the admixture of this acid. When mixed with the 
muriatic ſolution of gold, zther retains a part of the me. 
tal, acting, it would appear, in the ſame way as volatile 
oils, which alſo retain a part of the oxide of gold, þ 
diſſolves volatile oils and reſins, like alcohol: And phy, 


ſicians often make uſe of æthereal tinctures. 


Ether is thought a powerful tonic, and a very good 
antiſpaſmodic medicine. It is adminiſtered, in hyſteri 
complaints, and in ſpaſmodic colics, It acts very ſpeed, 
ly in promoting digeſtion, when this is retarded by; 
weakneſs of the ſtomach, It muſt, however, be adm. 
niſtered with prudence, for it is known to be dangerous 


when taken in too great quantities. 


It is alſo applied 


externally, with very happy effects, to remove the head. 


ach, and cure burnings, &c. 


Hoffman, who paid much 


attention to the combinations of alcohol with the ful. 
phuric acid, made uſe of a medicine conſiſting of ſweet 
oil of wine, diſſolved in alcohol, which be called his 


unodyne mineral liquor. 


The Faculty of Medicine c- 


Paris have added æther to this liquor, and baye, in thei 
Diſpenſary, directed it to be prepared by mixing two 
ounces of alcohol, which paſſes before the æther, tw 

ounces of æther, and twelve drops of ſweet oil of wine 
This medicine is employed in the ſame way as ther, 


but is greatly inferior in its effects. 


The nitric acid acts upon alcohol with great api 


dity, Navi ier of Chalons is the firſt who has given a 
eaſy and not very expenſive proceſs for the preparation 


of nitric æther. 


His procels 1 is as follows Into a ve! 


ſtrong 
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ſtrong bottle of the manufactory of Seves, pour twelve 
ounces of very pure and highly rectified alcohol, and 
-merſe it in cold water, or rather in pounded ice: at 
(yeral different times, ſtirring the mixture each time, 
add eight ounces of concentrated nitric acid: then cloſe 
up the bottle with a good cork, covered with leather. 
Set this mixture aſide, in ſome private place, tb avoid 
accidents from the burſting of the bottle, which ſome- 
times happens. In a few hours, bubbles ariſe from the 
bottom of the bottle, are collected in drops on the ſur- 
face of the liquor, and form, by degrees, a ſtratum of 
genuine æther. This phænomenon continues to go on 
for four, 'or from four to fix days. As Toon as the 
motion of the liquor appears to have ceaſed, the cork 
moſt be pierced with a pin, in order to the emiſſion of 
a certain quantity of gas, which would otherwiſe force 
its way out by uncorking the bottle, and carry with it 
all the zther. When this gas is diſcharged, the bottle 
may be unſtopped, the liquor contained in it poured in- 
to a funnel, ſtopping the under end of the funnel with 
the finger, and the ſupernatant æther ſeparated from the 
reſidue, and received into a glaſs phial. 

Mr Woulfe has given a different proceſs for the pre- 
paration of nitrous ether, He uſes very large veſſels, 
which afford room for the reception of the air that is 
diſengaged. Taking a balloon of clear glaſs, ſufficiently 
cpacious to hold eight or ten pints, and terminating in 
neck ſeven or eight feet long, he places it on a tripod, 
ligh enough to receive under it a chafing-diſh, The 
neck of the matraſs is to be adjuſted to a tubulated ca- 
pital, with a glaſs tube ſeven or eight feet long, adapted 
o its beak. The lower extremity of the tube is received 
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into a balloon with two necks, the lower part of which; 
drawn out into a tube, and inſerted into a bottle Th, 
other neck of this balloon joins the bottles. compoling 
Woulfe's apparatus, which we have already 

deſcribed. When all theſe veſſels are ſufficiently luted 
together, a pound of reftified alcohol, and as mug 
fuming nitrous acid, is to be poured into the mary 
through. the hole perforated in the capital: this hal 
muſt then be ſtopped with a cryſtal ſtopper, wrapped i 
a piece of leather. The mixture becomes immediach 
exceedingly hot: vapours are diſengagedy and pals n nat ha 
pidly along the neck of the balloon and this veſſel hy 


nitric 

ing expoſed to a heat ſufficient to boil the liquor vic M. de 
it contains, a quantity of nitric æther paſſes into M ugerer 
balloon employed as a receiver. This proceſs, thong lbs its 
very ingenious, is attended with ſeveral inconvenia into a 
circumſtances : It takes a long time to ſet up the m pourin; 
ratus which is both very expenſive and very trouble:ci4, 3 
ſome : and it ſtill expoſes the operator to danger; engage 
notwithſtanding, the room. afforded in the veſlels for Mind fo 
reception of the vapours, yet, ſo rapidly are they dieter 
gaged, that the veſſels happen to be pretty often bullW:rt1y i 
with conſiderable noiſe. 0 this 
M. Bogues, in the year 1773, publiſhed 8 Wg) in 


cefs for preparing nitric æther. He directs to mix, i 
a glaſs retort, capable of containing eight pints, a pout 
of alcohol with a pound of nitric acid, weakened o u 
to exhibit only twenty-four degrees of M. Baume's h 
drometer ;—to adapt to the retort a balloon of the 0 
pucity of twelve pints ;—to afford a paſſage to the al 
by inſerting, at the junQure of the lute, the barrelsd 
two quills.;—and to diſtil the mixtufe by a very mod 
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rate heat, taking care that the retort ſink but a little way 
in the ſand- bath. By this means he obtained fix ounces 
of nitric æther, of ſufficient purity. It appears, from 
what the Abbe Rozier has ſaid, that Mitouard followed, 
nce the year 1770, a procels nearly fimilar to that com- 


a nunicated to the public by M. Bogues. That chemiſt 
YN ſubjected four ounces of fuming ſpirit of nitre, with 
oe twelve ounces of alcohol, to diſtillation in a retort : He 
Ln placed the retort gently on the ſand- bath; and by this 


means, which appeared to him ſimpler than any other 
that had been recommended, he obtained a quantity of 
nitric æther, of the ſame kind with M. Navier's. Laſtly, 
M. de la Planche, apothecary at Paris, has contrived two 
different ways of preparing nitric :tther, each of which 
has its conveniences. The firſt conſiſts in putting nitre 
into a tabulated ſtone tetort, with a large balloon, and 
pouring in by the aperture, firſt, concentrated ſulphuric 
acid, and afterwards alcohol. The fulphuric acid dif- 
engages ſpirit of nitre, which re-aQs upon the alcohol, 
and forms, almoſt inſtantaneouſly, nitric æther. As 
ther prepared in this way might be ſuſpected to be 
partly ſulphuric, he afterwards adopted, in preference 
o this method, a new 3 which is indeed exceed- 
e gly ingenious: To a tubuled glaſs-retort, into which 
ge had put fix pounds of dry nitre, he joined an adapter, 
Ind a receiver, communicating by a curved tube with 
n empty bottle. The bottle, again, by means of a 
phon, communicated with another bottle, containing 
bree pounds of the beſt alèchol. Then, after properly 
uting the whole of this apparatus, and placing the re- 
ort on a cinder- bath, he poured upon the nitre, through 
de aperture in the retort, three pounds of concentrated 
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ſulphuric acid. ſhut up the retort with a eryſtal ſtopper, 
urged it with fire, till it was raiſed to ebullition, ang 
maintained it in that ſtate, till it ceaſed to emit u 
pours. On this occaſion, the ſulphuric acid diſengage 
the acid of nitre, one part of which paſſes into the m 
_ ceiver, and the reſt into the ſecond flaſk. At the end 
of the operation, the receiver contains fuming nitro 
acid, the retort -ſulphate of potaſh, and the ſecond bote 
an zthereal liquor. This zthereal liquor is next d 
ſtilled in a retort, with a ſingle balloon, and only two 
thirds of the product taken up. Thus product is diſil. 
led with a fifth part of fuming nitrous acid, gradually 
poured upon it, through a long glaſs funnel : of thi 
likewiſe no more than two thirds are diſtilled of, 
Laſtly, This ſecond product is rectiſied on potaſh z fon 
ounces are, at the firſt, taken off; and then the remain. 
ing three fourths. The four ounces are very pure nitric 
ther ; and the remaining three fourths a nitrous, ano- 
dyne mineral liquor. The reſidues of theſe two refit, 
cations are dulcified ſpirit of nitre, 

The nitric æther obtained by theſe proceſſes is a yt 
lowiſh fluid, equally volatile and ſuſceptible of evapo- 
ration with ſulphuric ether. Its ſmell is nearly the ſame 
with that of ſulphuric zthS; but rather ſtronger, ad 
not ſo pleaſant. Its taſte is hot, and more diſagreeable 
than that of ſulphuric æther. It contains a ſmall quats 
tity of ſuperabundant acid. It cauſes the corks to ſtat 
from the phials in which it is incloſed; a large quantity 
of gas being conſtantly diſengaged from it. It bum 
with a brighter flame, and a thicker ſmoke, than ſulphunt 
ether, and does not leave juſt fo large a proportion d 


carbonaceous reſidue. Laſtly, like ſulphoric ether, 
| tak 
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takes up gold from a ſolution of that _ and be- 


| comes charged with a certain quantity of it. 


The reſidue of nitric æther . 
pour; its ſmell is acid and aromatic; its taſte pungent, 
like that of diſtilled vinegar. According to M. Baume, 
it affords, by diſtillation, a clear liquor, the ſmell of which 
is ſweeter than that of nitric ether, and-its taſte an agree- 
able acid. Tt reddens ſyrup of violets, combines with 
vater. in any proportion, and efferveſces with carbonate of 
potalh. There remains in the retort, after this liquor 
is diſtiffed olf, an amber- yellow matter, friable, and ſi- 
milar in its appearance to real amber, which attracts 
moiſture from the atmoſphere, becomes pitchy while it 
continues expoſed to it, and diflolves in water without 
rendering it mucilaginous. This ſubſtance, which M. 
Baume calls gummi-faponaceous, affords in the retort a 
few drops of an acidulated liquor, which is very clear, 
of an oily conſiſtency, and a light empyreumatic ſmell. 
Aſter the diſtillation, there remains a ſpongy coal, which 
is brilliant, inſipid, and very obſtinately fixed in the fire. 
Bucquet ſays, that the liquor which remains after the 
formation of nitric ether, takes, by evaporation, a mu- 
cilaginous conſiſtency ; and that, in a longer or a ſhorter 
ſpace of time, there are ſaline cryſtals formed in it, which 
bear a conſiderable reſemblance to hairy caterpillars, and 
are called cry/tals of Hierne, from the name of the che- 
miſt who gave the firſt deſcription of them. This reſi- 
due has been diſcovered to be oxalic acid; and the ra- 
dical principle of that 4 appears therefore to be con- 
tained in alcohol. 

The muriatic acid does not act in any perceptible 
manner on alcohol. This acid is only dulcified by fimple 


mixture 
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mixture with this liquor, as are alſo the two other, 
when mixed in a ſmall proportion with alcohol. M 
Baume, in his Diſſertation on æther, mentions his having 
obtained a little muriatic æther, by bringing vapour of 
muriatic acid into contact with vapours of alcohol. 
Ludolf and Pott employed ſublimated muriate of anti. 
mony with this view. Baron Bornes directs to diſſolye 
oxide of zinc in muriatic acid, and to diſtil that falt, 
after concentrating it by evaporation in cloſe veſſels with 
alcohol. This is an eaſy enough way of obtaining mu- 
riatic zther. But no body has paid fo much attention to 
this object as the Marquis of Courtanvaux. His proceſs 
is, to pour into a glaſs-retort a pint of alcohol, with two 
pounds and a half of muriate of tin, or fuming liquor , 
Libavius. A very ſtrong heat is thus excited; and there 
ariſes a white ſuffocating vapour, which diſappears when 
the mixture is ſtirred. An agreeable ſmell then exhales 
from it, and the liquor takes a lemon- colour. Place the 
retort on a hot ſand-bath : join to it with luting two bal 
loons; and let the moſt diſtant of the two be immerſed 
in cold water. The firſt product which pafles is de 
phlegmated alcohol; after it the æther aſcends. . Ibe 
aſcent of the æther may be diſtinguiſhed by its ſweet 
ſmell, and the ſtriæ which it forms on the ſides of the 
retort. When the ſmell changes, and becomes ſtrong 
and ſuffocating, the receiver muſt be changed, but the 
diſtillation ſtill carried on. The product now obtained 1s 
firſt a clear acid liquor, with ſome drops of mild ol 
ſwimming on its ſurface; next, a yellow matter, dt 
the conſiſtency of butter, which is a true muriate d 
tin; and laſtly, a brown ponderous liquor, which es- 
bales a conſiderable quantity of white vapours.— Them 
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which follow are, a lively efferveſcence, and a copious 
precipitation, both owing, to the tin which the acid has 
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moderate heat, a product 1s obtained, equal to about 
one half of the former æthereal product. All the li- 
quors which paſs after the muriatic zther are ſtrongly 


from-the atmoſphere, and combine with water, without 
affording any precipitate. It was not known to what 
cauſe the rapidity with which the muriatic acid con- 
tained in the fuming liquor acts upon alcohol, while 
the pure acid does not act upon it at all, ſhould be 
aſcribed : but from a diſcovery of Scheele's, it appears 
that it is owing to the acid being then in the ſtate 
of oxigenated muriatic acid, in conſequence of which 
the excels of oxigene which it contains converts the 


by myſelf, in the year 1781; and has been fince 


Pelletier. | | 
M. de la Planche, apothecary, has propoſed the pre- 
paring of muriatic æther, by pouring into a tubulated 
retort ſulphuric acid and alcohol upon decrepitated mu- 
nate” of ſoda. The muriatic acid gas, diſengaged by 
the ſulphuric acid, upon entering the receiver, comes 
into contact with the alcohol in a vaporous ſtate, and 
combines with it. The reſult of the combination is, an 
zthereal acid, which, by rectification on fixed potaſh, 
becomes pure æther. It appears, that in this proceſs the 
* murlatic 
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remains in the retort a grey pulverulent matter, an oxide 
of tin, The æthereal product muſt now be poured into 
z retort upon a quantity of - potaſh : The phænomena 


carried up with it when diſtilled, By adding a little 
water, and diſtilling the contents of the retort by a 


impregnated with oxide of tin: They attract moilture . 


alcohol into ther. This theory was firſt advanced 


confirmed by the experiments of Meſſrs Berthollet and 
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muriatic ri * the ſulphuric acid ww pat of 
oxigene. 
Muriatic æther is W "_ I 


| "wn nearly the ſame ſmell with ſulphuric ther. It burns 


in the ſame way, and affords a ſimilar ſmoke. It differ 


from it, however, in two properties: Muriatic zther ex. 


Deli 
neſia 
Som 
W, { 
mur! 
merc 
bales, as it burns, an odour equally pungent and lively N cauſe 
with that of the fulphureous acid; and it has a tiptic de M 
taſte, like alum. Theſe two phænomena indicate this degre 
zther to be of a different nature, and poflibly leſs per. Wl inſert 
fect than the two preceding forts of zther. No doubt, All 
when its properties are more minutely examined, it may in a 
be found diſtinguiſhed by other more remarkable pecy. Wi into « 
liarities. bas b 
After this account of has manner in which theſe BY proce! 
three mineral acids act upon alcohol, we are to proceed ]Wcucur: 
with the hiſtory of this fluid. Little attention has been {MWiſo! ſul 
paid to the action of the other acids on alcohol. We Wcucur! 
know only, that it combines readily with the borac {Wdapte 
acid; that in conſequence of combination with thi ]Watilize 
acid, it burns with a green flame; and that alcohol a. be re 
ſorbs a quantity of carbonic acid gas, more than equal {Wifuſe 
to its own bulk. As to the neutral ſalts, Macquer hw Hulphu 
aſcertained, that this ſpirit diffolves ſulphuric neutral lat th 
ſalts, but with great difficulty ; that nitric and muriatc]}Wilphu 
falts combine with it much more readily ; and that echo! 
leis intimately the acid is combined with the other pti- Ard 
ciple of theſe ſubſtances, the more of them does etalli 
ſpirit uſually diſſolve. Alcohol, boiled on ſulphate Mart. 
potaſh and ſoda, diſſolved none of either of theſe neui mens 
ſalts. Neither does carbonate of potaſh, or of ſod er, af 
unite with it: Moſt ammoniacal ſalts combine with bali, 
2 Deliqueſcet! 
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peliqueſcent earthy ſalts, ſachi2ercalexrecue and mag- 
neſian nitrate and muriate, diſſolve very readily in it. 
Some metallic falts are alſo very ſoluble in alcohol; fuct 
u, ſulphate, of iron in mother-water, nitrate of copper. 
muriate of iron and. of copper, oxigenated muriate of 


22 


cauſe alcohol to burn with a beautiful green flame. M. 
de Morveau has fince given a; fuller table of the different 
degrees in which ſalts are ſoluble by alcohol, Which is 
inſerted in the Journal de Phyſique. 

Alcohol does not diſſolve ſulphur, either in maſſes or 
in a powder; but theſe two bodies unite, if brought 
into contact when they are both in a vaporous ſtate, as 
bas been diſcovered by the Count de Lauraguais. His 
bele Wl proceſs. conſiſts in putting ſulphur in powder into a glaſs- 
dee cucurbite, putting into the ſame veſſel, above the flowers 
deen 
We 


SS A 


of ſulphur, a bottle filled with alcohol, and heating the 

cucurbite on a ſand-bath, with a capital and a receiver 
ace adapted to it. Both the fulphur aud the alcohol are vo- 
this W/atilized at the ſame me: They combine, and paſs into 
de receiver, in a fluid which. is ſomewhat turbid, and 
lifuſes a fœtid ſmell. It contains about a grain of 
ulphur to the drachm of al-ohol. I have diſcovered 
lat the ſame combination may be produced by diſtilling 
ulphureous waters, ſuch as the water of Enghien, with 


it the (cohol. | 
pt Ardent ſpirit, or alcohol, does not act at all on either 
$ the etallic matters, or their oxides. It diſſolves amber in 


art. It produces no eſſects on black carbonaceous bi- 
umens. It is obſerved, that it combines belt with am- 
er, after being diſtilled on fxed alkali, and that fixed 
kali, mixed with this bituminous ſubſtance, renders it 
much 


mercury, or corroſive ſublimate. All cupreous ſalts 
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much more ſoluble, by ar it, no doubt, to 2 l. 
ponace ous ſtate. 

There are few vegetable matters on which alcchel 
does not act with more or leſs energy. It deſtroys the 

colouring part, and frequently the whole ſubſtance of 
extracts, when they are of an extrafto-refinous, or a re. 
fino-extra&ive nature: the ſaccharine and faponiceoy 
extracts combine with this fluid. Margraff has obtained, 
by alcohol, a ſaccharine effential ſalt from red beet, ſkir. 
ret, parſnip, &c. But the matters with which it com. 
bines the eaſieſt are volatile oils, the aroma, camphor, 
balſams, and reſins. Alcohol impregnated with the aro. 
ma of plants, is improperly called died ſpirituou wa 
ters. To obtain theſe fluids, diſtil alcohol on a balneun. 
mariz with odorous plants. The liquid takes up the 
odorous principle, and is volatilized with it, carrying 
off, at the ſame time, a certain quantity of volatile oil 
which cauſes it to become white with diſtilled water, 
But the oleaginous principle may be ſeparated, by rec 
tifying it on a water-bath by a very moderate heat; and 
care muſt be taken, that no more than three fourths dt 
the alcohol employed be drawn off, leſt ſome other 
ſubſtance beſides the aroma ſhould be volatilized with 
it. The ſmell of theſe diſtilled ſpirituous waters be- 
comes more and more agreeable as they grow older; 
and it appears, that the odorous principle combines mort 
intimately with the alcohol the longer ny are 1 
union. 
So great is the affinity between the aroma and alcohol, 
that alcohol detaches it from volatile oils and water. 
When alcohol is diſtilled on volatile oils, and on water 


impregnated with the odorous principle of a plant, the 
alcobo 
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alcohol ſeizes. the odorous principle, leaving the oil and 
the water deſtitute of ſmell. It is obſerved, that alcohol 
diſſolves thick and ponderous volatile oils, more readily 
than ſuch as are very light and fluid. Water ſeparates 
the principles of this compound: It precipitates the oil 
in the form of opaque; white globules; but the aroma 
till remains combined with the alcohol. This liquid 
eaſily diſſolves camphor in a cold ſtate ; but it diſſolvee 
ſtill a greater quantity of it when aſſiſted by the action 
of heat. This ſolution, in the proportion of two drachms 
of camphor to the ounce of alcohol, with water added, 
drop by drop, affords a cryſtalline vegetative figure, 
which has been obſerved by M. Romieu : It is a per- 
pendicular filament, with needles riſing upon it, under 
an angle of ſixty degrees. 'This experiment ſucceeds 
but ſeldom z as it is ſo very difficult to employ preciſely 
the proper quantity of water, the proper degree of 

cooling, &c. | 
Compounds of oily or reſinous juices with alcohol, in 
which the alcohol is ſo ſtrongly charged with the olea- 
ginous or reſinous juice, as to be coloured by it, and to 
attord a copious precipitate in water, are called tinctures, 
elixirs, balſams, quinteſſences, &c. Like diſtilled ſpirituous 
vaters, theſe are either ſimple, as when there is only one 
matter diſſolved in them; or compound, when they 
contain ſeveral matters together. Theſe medicines are 
generally prepared by expoſing the juice in powder, or 
the dry plant, the volatile oil or reſin of which is to be 
uſolved, to the action of alcohol, aſſiſted by ſtirring, 
and by the gentle heat of the ſun or a ſand-bath. To 
extract the reſins, or any other vegetable matters, from 
leveral different plants at once, care muſt be taken, firſt 
I to 


430 


Alaobol. 

to digeſt the matter which is the leaſt liable to be affed. 
ed by the action of the alcohol, and then to expoſe to it, 
ſucceſſively, the other ſubſtances over which it has great. 
er power. When the menſtruum is charged with as much 
of theſe matters as it can receive, it is ſtrained of 
Sometimes à compound tincture is prepared at once, 
by mixing together ſeveral ſimple tinctures. In this 
manner, the elixir proprietatis is prepared, by mixing the 
tinctures of myrrh, ſaffron,. and aloes. Reſins and 
balſams may be ſeparated from alcohol by pouring wa 
ter upon the tinctures, or diſtilling them; but in ei. 
ther of theſe caſes, the alcohol retains the odorate prin. 
ciple. Water is not capable of decompoſing tinQure 
formed with extraQo-relinous, or reſino- extractive mat. 
ters, ſuch as thoſe of rhubarb, ſaffron, opium, gum. am. 
moniac, &c.; for theſe matters are equally ſoluble in 
both the menſtrua. 

Alcohol and brandy are very generally uſed, and ap- 
plied to a great variety of purpoſes. The laſt of thel: 
liquors is drunk as a cordial, to revive the exhauſted 
ſpirits; but in exceſs it is dangerous, for it dries up the 
fibres, and occaſions ſhaking, palſy, and dropſy. Alco- 
ho], either pure or mixed with camphor, is uſed to ſtop, 
by external application, the progreſs of gangrenes. 

Diſtilled ſpirituous waters are adminiſtered in medi- 
cine, as tonics, cordials, antiſpaſmodics, ſtomachics, &c. 
They are given either diluted in water, or ſweetened 
with ſyrups. 

Of theſe waters with ſugars, there are certain drinks 
prepared, which are known under the name of ratafia:, 
or ligugurs. Theſe drinks, when properly prepared, and 
taken in {mall quantities, may be of ſervice ; but they 
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commonly agree with very few people, and are hurtful 
to very many. Theſe liquors, taken in exceſs, are ex- 
tremely dangerous to the human conſtitution. Inſtead of 
invigorating with new ſtrength, and fortifying the tone 
of the ſtomach, as they are commonly thought to do, 
they produce moſt frequently a quite contrary effect. 
Thoſe which, drunk but ſeldom, and with great mode- 
ration, are the leaſt injurious, are prepared cold, with 
one part of alcohol diſtilled upon the aromatic ſubſtance 
which is to afford the flavour, two parts of water, and 
one of the fineſt ſugar. 

TinQures have nearly the ſame virtues with diſtilled 
ſpirituous waters, but they act with much more energy 
and therefore they are to be uſed in much ſmaller quan- 


| tities, and given in wine, in potions, and even in aqueous 


liquors. The precipitate which they yield in the laſt of 
theſe, is equally Tuſpended through the mixture, and be- 
fides the odorous part remains diſſolved in the alcohol. 

Laſtly, Alcohol combined with the copal refin, with oil 
of aſpic, or the greater lavender, or with oil of turpen- 
tine, forms varniſhes, which are called drying; becauſe, 
when a coat of this compound is laid on any body to 
rarniſh it, the alcohol is ſoon volatilized, and leaves on the 
varniſhed body a tranſparent reſinous plating. The vo- 
latile oils, which are mixed with this compoſition, hinder 
the varniſh from drying too haſtily, and, by communi- 
cating to it ſomewhat of an unctuous nature, render it 
leſs brittle than it would otherwiſe be. 
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ANY vegetable ſubſtances are ſuſceptible of ace. Boe 

tous fermentation. Of this kind are gums, ail. very 
amylaceous fæcula diſſolved in boiling water; but Make 
rituous and fermented liquors poſſeſs this property in the theſe « 
molt eminent degree. Acid fermentation may be er wie 
cited in any of theſe fluids, by expoſing them to the adi gs 
of heat and air at the ſame time, fo as to convert then - the 
into what is called vinegar. This liquor is chiefly pre fermen 
pared from the wine of grapes; but very good vinegt farly c 
might be alſo prepared from cyder, perry“, &c. other : 
There are three conditions neceſſary to vinous fa de full 
mentation: 1. A heat of twenty or twenty-five degree tnued! 
of Reaumur's thermometer, or from 75 to go? of Fal 2wain, f 
renheit's: 2. A ſubſtance at once viſcous and acid, ſud n 
as mucilage and tartar: 3. The contact of air. 1% mer, an 


cha re 0 b 


* Vinegar is made in Britain from wort, the infuſion of mal. 
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dange which wines undergo, when converted into 
jinegar, can be attributed to nothing but an inteſtine 
notion, excited in thoſe bodies in conſequence of their 
containing a certain quantity of mucilaginous matter, 
maltered, and till ſuſceptible of another fermentation. 
The preſence of an acid matter, ſuch as tartar, is requiſite 
o produce acid fermentation. Laſtly, The contact of 
ur is indiſpenſibly neceflary ; and it appears,—it has in- 
11, deed been proved by the Abbe Rozier, that the liquor 
abſorbs a portion of air while it ferments ; this is pro- 
bably oxigene. 
All kinds of wine are equally good for making vine- 
. The worſt are preferred, becauſe they are the 
cheapeſt. But the experiments of Beccher and Car- 
theuſer ſhew, that generous wines, not deſtitute of ſpirit, 
Mord generally the beſt vinegar. | 
Boerhaave, in his Elements of Chemiſtry, has given 
a very good proceſs for the preparation of vinegar. 
Take two caſks : at ſome diſtance from the bottoms of 
theſe caſks, form within each of them a falſe bottom 
of wicker-work : upon this falſe bottom ſpread grape- 
ſtalks and vine-branches z pour upon theſe wine, till one 
of the caſks be entirely full, and the other half-full. The 
fermentation will firſt begin in the latter: when it is 
fairly commenced, fill up this caſk with wine from the 
other: by this means, the fermentation is moderated in 
the full caſk, and begins in the other. After it has con- 
tinued for a due length of time, fill up the latter caſk 
again, from the caſk in which the fermentation firſt be- 
gan :—thus the fermentation is again excited in the for- 
mer, and becomes languid in the other. The two caſks 
ae to be thus ſucceſſively filled up and emptied, till ſuch 
Le 2 tune 
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time as the vinegar be entirely formed; which is gg, 
uſually, in leſs than fifteen days. | 
In obſerving the phænomena of this fermentation, ys 


. perceive a good deal of boiling and hiſſing:— The ligue 


becomes hot and turbid ; and a great many bubbles aud 
filaments appear to run through it in all direQtion;: 
there exhales from it a lively acid ſmell, which is u 
no way dangerous: it abſorbs a great deal of air. They 
is a neceſſity for {topping the fermentation every twelys 
hours: by degrees theſe phænomena dilappear ; the 
heat falls, the emotion ceaſes, and the Iiquor become 
clear. It depoſites a glareous ſediment, in reddiſh flake, 


which ſtick to the ſides of the caſks. It appears, from: 
ſufficient number of experiments, that the ſmaller the 


quantity of the wine, and the more it is expoſed to the 
contact of air, ſo much the more readily. does. it pal 
into the ſtate of vinegar; Care muſt be taken to dm 
off the vinegar/clear, when it is thus prepared, in orde 
to ſeparate the lee, which, were this precaution negled 
ed, would cauſe it to paſs into the ſtate of putrid fer 


mentation.—Vinegar does not, like wine, depoſite tar 


tar by reſt: this ſalt was diſlolved, and combined wit 
the alcohol and water, during the fermentation, It 
even probable, that the preſence of this ſalt has a pri 
cipal influence in calling forth the properties of vinega 
from a latent ſtate. This vinegar is of a lighter or at 
higher colour, according to the nature of the wine fron 


which it is prepared : but even the lighteſt coloured 
vinegar is generally much higher coloured than any lon 
of white wine; becauſe the colouring part of the tartat 


which bas been called forth from a latent ſtate by tix 
production of the acid, is diſſolved in it. 
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Vinegar prepared in the manner above deſcribed is 
extremely fluid, of an acid ſpirituous ſmell, and of a taſte 
in a greater or a leſs degree four, It reddens blue ve- 

able colours. When expoſed to a moderate heat, 
veſſels indifferently ſtopped, it is altered, loſes its 
ſpirituous part, depolites a great deal of mucilaginous 
lakes and filaments, and aſſumes a putrid taſte and ſmell. 
M. Scheele has ſhewn, that it muſt be, boiled for a 
few minutes, in order that it may be preſerved un- 
ſpoiled. 

When vinegar 1s diſtilled by naked fire, in a ſtone cu- 
curbite covered with a capital, or in a glaſs-retort on a 
and-bath, it affords a phlegm of a lively and agreeable 
ſmell, ſcarcely acid; to which immediately ſucceeds a 
rery white, and ſtrongly odorous acid liquor : this is 
litilled vinegar: What follows is leſs odorous, but more 
cid; and the farther the proceſs advances, the more acid 
does the product become, —Theſe ſeveral products may 
be taken ſeparately ; by which means, ſo many different 
forts of diſtilled vinegar will be obtained, of various de- 


WY crees of acidity and ſmell. The operator muſt be ſa- 
"i tified with obtaining two thirds of the liquor, which 
4 jorms the pureſt vinegar. The portion which paſſes af- 
pru. 


ter this, is more acid; but it has an empyreumatic ſmell, 
each may be removed by expoſing it to the air. It 
ewiſe acquires a faint colour. This operation ſhews 
the acetous acid to be more ponderous than water. The 
teſidue is thick, and of a dirty, deep-red colour. It 
Cepoſites a certain quantity of tartar, and is in an high 
erree acid, —Evaporated over an open fire, it takes 
ie form of an extract; and if, when dry, it be diſtilled 
in a retort, it affords an acid reddiſh phlegm, an oil 
woich is at firſt light and coloured, but becomes after- 
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wards ponderous ; with a little ammoniac.—The refidy; 


coal, now left, contains a conſiderable : im 
fixed alkali. | propre OB 
Vinegar may be concentrated by expoſing it to fro... WM ?* 
That portion which {till remains liquid becomes high, vine 
ly acid, and is decanted off. The frozen part is almoſ by | 
entirely water. Only a very little vinegar is obtainel and 
by this operation. and 
The acid of vinegar, when ſeparated from tartar and rath 
from its colouring part by diſtillation, is ſuſceptible of i fil 
combination with a great number of bodies. a. 
It combines only in an imperfect manner with alumni ic! 
nous earth, and forms with it needled cryſtals, the pro. it be 
perties of which are but very little known. The nam taine 
of this ſalt (in the new Nomenclature) is Acerite of a © br 
mine. burn 
It combines readily with magneſia, affording in th m 
combination a ſalt, which is extremely ſoluble in wate, une 
and does not cryſtallize, but affords, by evaporation, i pelle 
viſcid, deliqueſcent maſs. Acetite of magneſia is HH e 
compoſable by fire, by mineral acids, by barytes, by By th 
lime, and by the three alkalis.—It is very ſoluble in d the re 
cohol. moniz 
The acetous acid combines with lime; and decon- confi 
poles chalk, diſengaging its acid in the form of an elaſii relidu 
fluid.—The falt which it forms with lime cryſtallaf k 
into very fine needled cryſtals, of a gloſſy appearance and i 
like ſatin.—Calcareous acetite is ſour and bitter: it M e 
floreſces inthe air. It is decompoſed by fire; by fu . 
alkdſis, which ſeparate the earth; and by mineral ac Keine 
which diſengage the acid. FONT, u 
£26 Th ngag 
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The combination of the acetous acid with potaſh, is 
improperly called, in the laboratories, ſoliated earth of 
zartar : it ſhould be denominated, acetite of pota/v. In 
preparing this ſalt, a quantity of very pure diſtilled 
vinegar is poured upon carbonate of potaſh, prepared 
by the incineration of tartar; the mixture is ſtirred, 
and vinegar is poured in, till the ſalt be fully diſſolved, 
and the two ſubſtances mutually ſaturated :—there ſhould 
rather, indeed, be an exceſs of the acid. —This liquor 
is filtrated, and evaporated by a very moderate fire, in 
a veſſel of porcelain or pure ſilver. When it becomes 
thick, the evaporation is continued on a water-bath till 
it be quite dry. By this means a very white falt is ob-- 
tained, —If expoſed to too much heat, it takes a grey or 
a brown colour, becauſe a portion of the vinegar is 
burnt —Some chemiſts affirm, that acetite of potaſh 
may be obtained in a regular form, by ſuffering the ſo- 
lution to cool after having evaporated it to a thick 
pellicle. : 

Acetite of potaſh is of a pungent, acid, urinous taſte, — 
By the action of fire it is decompoſed, ſo as to afford, in 
the retort, an acid phlegm, an empyreumatic oil, am- 
moniac, and a large quantity of ſtrong ſmelling gas, 
conſiſting of carbonic acid, with hydrogenous gas. The 
reſidual coal contains a good deal of naked potaſh.— 
This ſalt ſtrongly attracts the moiſture of the atmoſphere, 
and 1s very foluble in water. The ſulphuric acid de- 
compoles it, To effect this decompoſition, one part of 
concentrated ſulphuric acid is poured on two parts of 
acetite of potaſh, introduced into a tubulated glaſs- re- 
fort, with a receiver fitted to it. There is inſtantly diſ- 
engaged, with a lively eſferveſcence, à vaporous fiuid, 
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of a poignant ſmell, which, in the receiver, condenſs 
into acetic acid, the radical principle of vinegar. This 
vinegar is highly concentrated, and ſtrongly acid, but 
not pure, and always mixed with a certain quantity of 
ſulphureous acid, which may be diſtinguiſhed by jy 
ſmell.— The tartareous acidulum likewiſe decompoſe 
acetite of potaſh ; becauſe it has a nearer affinity than 
the acetous acid with the alkaline baſe of this falt. 
Vinegar enters into a perfect combination with ſoda, 
and forms with it a ſalt which has been improperly call. 
ed cry/tallizable foliated earth: We give it the denomi. 
nation of acetite of ſoda. The only difference between er 
this ſalt and acetite of potaſh, is, that it cryſtallizes in WW :cnac 
ſtriated priſms, much like thoſe of ſulphate of ſoda, and WM bſer 
does not attract moiſture from the atmoſphere. To ob. the: 
tain it in regular cryſtals, its ſolution muſt be evaporated nis 
to a pellicle, and then ſet in a cool place. Acetite of Wl unc 
ſoda, like acetite of potaſh, is decompoſable by fire, and WF :r{c 1 
by mineral acids. To theſe particulars we may add, Ne f. 
that when alkaline acetous ſalts are diſtilled by a ſtrong her. 
fire, the reſidues which they leave are ſo many pyro. cenly 
phori, and burn when expoſed to the air. M. Prout, 8 ict 


to whom we owe theſe diſcoveries, thinks the diviſion Wl ciclin 
of a carbonaceous reſidue, by an earth or a metallic ¶ und 
oxide, to be the only condition neceſſary to the produc: Wl: bea 
tion of a pyrophorus. for ſe 


The acid of vinegar forms, with ammoniac, a liquu {Want | 
that is called fpirit of Mendererus, and is properly zu-. the Z. 
moniacal acetite. This falt is ſo volatile that it cannot {Mare t 
be evaporated without a great part of it being loſt ; ye, WMphoſp! 
by flow evaporation, it may be obtained in needled cri- Ws we 
ſtals, which are of a hot pungent taſte, and very ſpeedy peak. 
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tract moiſture from the atmoſphere. Ammoniacal 
acetite is decompoſed by the action of fire; by lime and 
alkalis, which diſengage the ammoniac ; and by mineral 
acids, which ſeparate the acetous acids. 

Vinegar acts upon almoſt all metallic ſubſtances ; and 
exhibits, in its combinations with them, a number of 
very important phænomena. | 

It does not appear that this fluid is capable of effect- 
ing an immediate ſolution of oxide of arſenic ; but this 
oxide, by diſtillation with equal parts of acetite of pot- 
ih, afforded M. Cadet, and the chemiſts of the Academy 
of Dijon, a fuming liquor of a very ſtinking fmell, very 
tenacious, and of a very ſingular nature. M. Cadet firſt 
obſerved this liquor to be capable of inflaming fat lute, 
The academicians of Dijon, wiſhing to examine a yel- 
'owiſh matter of an oleaginous conſiſtency, which they 
found accumulated in the bottom of a bottle containing 
arfenico-acetous fuming liquor, decanted off a part of 
the ſupernatant liquor, and poured the reſt on a paper- 
fiter. Only two or three drops had paſſed, when ſud- 
genly there aroſe a very thick ſmoke, of a nauſeous ſmell, 
«hich formed a column extending from the veſſel to the 
cieling of the room: a ſort of ebullition took place a- 
round the edges of the matter, and from it there aroſe 
2 beautiful roſe-coloured flame, which continued to burn 
or ſeveral ſeconds. A particular account of theſe ele- 
cant experiments may be ſeen in the third volume of 
te Elements of Chemiſtry of Dijon. Theſe chemiſts com- 
pare the liquor of which we are ſpeaking to a liquid 
phoſphorus : We take it to be a ſort of pyrophorus, 
3s well as ſome others of which we are hereafter to 
reak, The reſidue remaining after the diſtillation of 
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acetite of potaſh, with oxide of arſenic, conſiſts chief 
of potaſh. 

Vinegar diſſolves oxide of cobalt : the ſolution ; is of 
a pale roſe-colour. 

It acts neither on biſmuth, nor on its s oxide; but di. 
ſolves oxide of manganeſe. 

It accompliſhes a direct ſolution of nickel, accorduy 
to M. Arwidſſon. This ſolution affords green . 
of the form of a ſpatula. 

This acid does not act upon antimony; 5 but it appear 
to diſſolve the vitreous oxide of that ſemi-metal ; for Az. 
gelus Sala made up an emetic preparation of theſe tw 
ſubſtances. 

Both zinc and its oxide diſſolve very readily in diſti. 
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led vinegar. M. Monnet obtained, by evaporating thi ls d 
ſolution, cryſtals in the form of broad plates. Acetit a fot 
of zinc fulminates on the coals, and gives out, on the table 
occaſion, a faint bluiſh flame. It affords, by diſtillation, i I. 
an inflammable liquor, a yellowiſh oily fluid, the colour This 
of which ſoon changes to a deep green, and a white ſub. = 
limate, which burns by the light of a taper, with il © 
beautiful blue flame. The reſidue is in the ſtate of; feetid 
ſcarcely combuſtible pyrophorus. Le 
The acid of vinegar does not diſſolve mercury in 2 ar 
metallic ſtate. This combination may, however, be ef this 1 
fected by attenuating the mercury into very ſmall pu: expoſ 


ticles in the manner of Keyſer. Mercury, in the ſt: 
of oxide, combines eaſily with vinegar. The only thiny 
neceſſary to produce this combination, is, to boil tle 
acid upon the red oxide of mercury, called precipitate n 
e, upon turbith, or upon mercury, precipitated by pot 
ath from a nitric ſolution of that metal. The liquor be 
coma 
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comes white, but regains its tranſparency while boiling. 
t is filtrated: By cooling it precipitates ſilver-coloured 
cryſtals, in the form of ſparkling ſcales, reſembling the 
cryſtals of the boracic acid. This acetite of mercury 
has obtained the name of mercurial foliated earth. It is 
prepared in an inſtant, by pouring a nitric ſolution of 
mercury into a ſolution of acetite of potaſh. The ni- 
tric acid combines with the fixed alkali of the latter 
of theſe ſalts, and forms with it nitre, which remains 
diſſolved in the liquor; and the oxide of mercury, com- 
bining with the acid of vinegar, is precipitated in bril- 
liant ſcales. This mixture is filtrated ; and the ace- 
tite of mercury then remains on the filter. This ſalt 


is decompoſed by the action of fire. Its reſidue affords 


a ſort of pyrophorous. It is eaſily altered by combuſ- 
tible vapours. - " , 

Tin ſuſfers but very little alteration from vinegar, 
This acid diſſolves only a very ſmall portion of the 
metal. The folution afforded M, Monnet, - by evapo- 
ration, a yellowiſh ſubſtance reſembling gum, and of a 
fœtid imell. | 

Lead is one of thoſe metals on which the acid of vi- 
negar acts with the moſt powerful energy. It diſſolves 


this metal with the greateſt facility. Plates of lead, 


expoſed to the ſteam ariſing from hot vinegar, are co- 
rered over with a white duſt, which is called ceruſe, 
and is nothing but oxide of lead, with a little vinegar. 
This oxide, ground with one-third part of chalk, forms 
what is uſed in painting under the name of white lead. 
To ſaturate vinegar with lead, the acid is poured upon 
eruſe in a matraſs. This mixture is digeſted on a ſand- 
bath, After remaining in digeſtion for ſeveral hours, 

the 


—— 
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the liquor is filtered and evaporated to a pellicle, f. 
affords, by cooling and reſt, white cryſtals, —in the ſhupe 
of irregular needles, if the liquor was too much concen. 
trated, —or of flat parallelipipeds, terminating in two 
floping ſurfaces, when the proceſs of evaporation i; 
properly conducted. This acetite of lead is called ſal or 
ſaccharum Saturni, on account of its ſaccharine taſte. 
Its taſte is likewiſe ſtiptic. A ſimilar falt is prepared 
of litharge and vinegar. Equal parts of the two fub. 
ſtances are boiled together till they be mutually faty: 
rated ; and this mixture, after being evaporated to the 
conſiſtency of clear ſyrup, forms M. Goulard's extra 
of Saturn, which was known long before his time by the 
name of vincgar of Saturn. Acetite of lead is decom. 
poſed by heat. It affords an acid liquor, which is rudd, 
and ſtrongly fœtid, hut very different from radical ii. 
negar, or the pure acetic acid of which we are ſoon t: 
ſpeak. The reſidue is a very good pyrophorus. Thi 
ſalt is decompeſed by diſtilled water, by lime, alkali, 
and mineral acids. The extract of Saturn, diluted in 
water, and mixed with a little brandy, forms the wepels 
mineral water. 

Vinegar diſſolves iron with conſiderable energy. Ti: 


efferveſcence which takes place in this ſolution is owing 


to the diſengagement of hydrogenous gas from the vr 
ter which appears to be decompoſed. The liquor aſſumes 
a red or þrown colour. By evaporation, it affords nothing 
but a gelatinous magma, mixed with a few oblong 
brown cryſtals. Acetite of iron has a ſtiptic ſweetil 
taſte. It is decompoſed and deprived of its acid by fire 
It attracts moiſture from the atmoſphere, and is decons 


poſed in diſtilled water. When heated till it ceaſes t0 
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n exhale the ſmell of vinegar, it then leaves a yellowiſh 
Ne oxide, ſubject to the attraction of the loadſtone. The 
acetous ſolution of iron affords with nut-gall a very 
black ink, and might be very advantageouſly employed 
in dyeing. Alkaline Pruſſiates precipitate from it a very 
bright Pruſſian blue. Black, yellow, and brown oxide of 
iron, and native carbonate of iron, or ſpatheſe iron. ore, 
afford with vinegar ſolutions of a very beautiful red 
colour. 

Copper is very ealily diſſolved in the acetous acid. 
This ſolution, with the help of heat, takes by degrees 
a green colour. But the acid acts more readily on this 
metal, when it has been already oxidated by vinegar, 
and ſo converted into the ſubſtance called wverdigris. 
Verdigris 1s prepared in the neighbourhood of Montpel- 
lier, by laying plates of copper into earthen veſlels, in 
layers covered with the huſks of grapes, previouſly 
ſprinkled and fermented with weak vinegar. The ſur- 
laces of theſe plates are ſoon covered with a green 
ruit; which is increaſed by piling them upon each 
other, and ſprinkling them with weak vinegar. The 
copper is then ſcraped, and the verdigris put up in 
leather-bags for ſale. M. Montet, an apothecary at 
Montpellier, has given a very good deſcription of this 
procels in two Memoirs, printed among the Memoirs of 
the Academy of Sciences, in the years 1750 and 1753. 
Verdigris readily diſſolves in vinegar. This ſolution 
i of a beautiful green colour, and affords, by evapo- 
ration and cooling, green cryſtals in truncated qua- 
drangular pyramids, which are called cry/als of Venus. 
The cryſtals prepared for commerce, which are called 
"filled verdigrit, on account of their being prepared 

witty 
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with diſtilled vinegar, are in the form of fine pyta- 
mids. Theſe cryſtals take a pyramidal form, from 
their being depoſited on a piece of wood ſplit into 
four branches, which are kept ſeparate by a piece of 
cork. | 

Acetite of copper has a very ſtrong taſte, and is x 
violent poiſon, It is decompoſed by the action of fire, 
It efferveſces in the air, and is covered over with 3 duſt, 
the colour of which is a much paler green than the co. 
lour of the original ſalt. It is entirely diſſolved in wa. 
ter, but not decompoſed. Lime-water and alkalis pre 
cipitate this ſolution. | 

When this ſalt is reduced to powder, and diſtilled in 
a glaſs or earthen retort, with à receiver, it affords a 
fluid, which is at firſt white and ſomewhat acid, but 
ſoon becomes ſo ſtrong as to be not inferior in acidity 
to concentrated mineral acids. The receiver is changed, 
in order that the phlegm and the acid may be obtained 
ſeparate. The acid has been called radical vinegar, or 
vinegar of Venus. It is of a green colour, which it 
owes to a certain quantity of calx of copper that i 
carried up with it in the diſtillation. When the diſti. 
lation ceaſes, and the retort is red-hot, the reſidue re. 
maining is a brown copper-coloured duſt, which fre- 
quently communicates a metallic tinge to the ſides of 
the veſſel. This reſidue, as has been obſerved by the 
Duke d'Ayen, and M. Prouſt, is ſtrongly pyrophoni. 
inegar of Venus is rectified by diſtillation with a moce- 
rate heat. It is then perfectly white, provided it be not 
too much urged with fire towards the end of the open 
tion, fo as to reduce the oxide of copper, remaining i 
the retort, to too dry a ſtate. The reduction of coppe 
2 which 


— 
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which may be obſerved in this operation, contributes to 
explain the nature of radical vinegar. This acid ap- 
pears to bear the ſame relation to com mon vinegar which 
the oxigenated muriatic acid bears to the pure muria- 
tic acid; or rather, the ſame which the ſulphuric bears 
to the ſulphureous acid, or the nitric to the nitrous 
acid. In this operation, the acetous acid combines 
with the oxigene of the oxide of copper, which paſſes 
at the ſame time into a metallic ſtate. The effects, in 
the production of which radical vinegar differs effen- 
* tially from common vinegar, ſeem to be owing to 

the oxigene which that acid acquires. For this rea- 


1 ſon, we give it, according to the rules of the Nomen- 
& clature now adopted through this work, the name of 
Jut , b 
; the acetic acid. . 
b The acetic acid, or radical vinegar, rectified in this 
manner, is of ſo lively and pungent a ſmell, that it can 
ed _ * | 
ſcarce be borne. Such is its cauſticity, that when ap- 
5 plied to the ſkin it corrodes and cauterizes it: it is 


extremely volatile and inflammable : when heated in 
contact with air, it takes fire, and burns with more or 
leſs rapidity, according as it is more or leſs rectified. 
This fact has led chemiſts to think, that vinegar con- 
tains alcohol, and is a ſort of natural zther. The poig- 
nant agreeable ſmell which the firſt — of this acid 
diffuſe, favours the ſame opinion. 

Acetic acid evaporates all away in the air. It com- 
bines with water, with a conſiderable heat: with earths, 
alkalis, and minerals, it forms ſalts different from thoſe 
into which common vinegar enters; we call them acetates 
of potaſh, ſoda, zinc, mercury, &. M. de Laſſone 


has ſhewn, that the ammoniacal ſalt formed by radical 
vinegar, 


vinegar, or the acetic acid, is not of the ſame Nature 


with ammoniacal acetite, or ſpirit of Mendererus. 1. 
though we are not yet ſufficiently acquainted with 1 
theſe acetates ; yet their form, taſte, and ſolubility, fhey 
plainly, that they are of a different nature from ace. 
tites. 

The Marquis de Courtanvaux has ſhown, that nothing 
bat the laſt portion of the acetic acid, obtained by the 
diſtillation of acetite of copper or verdigris, is ſuſcey. 
tible of inflammation, and that it poſſeſſes likewiſe the 
property of being liable to congelation by cold. Thi; 
laſt portion, rectiſied, cryſtallized in the receiver, in 
large plates, and in needles; nor did it become fluid, 
till it was expoſed to a heat thirteen or fourteen degrees 
above the freezing point, In this property, this ſubſtance 
reſembles oxigenated muriatic acid. 

The acetic acid decompoſes alcohol, and forms zther, 
as readily as mineral acids, as has been diſcovered by 
the Count de Lauraguais. All that is neceſſary to pro- 
duce this effect, is to pour a quantity of radical vine. 
gar upon an equal quantity of alcohol. A conſiderable 
heat is excited. The retort is placed upon a hot ſand. 
bath; and two receivers are adapted to it, the molt di 
ſtant of which is immerſed in cold water or pounded 
ice. This mixture mult be quickly boiled. There arc 
from it, firſt, a dephlegmated alcohol; after that, æther; 
and then an acid, which becomes gradually ſtronger, a 
the proceſs advances. In the retort there remains a brown 
maſs, much like a reſin. Care muſt be taken to chang: 
the receiver as ſoon as the ſmell of the æther becomes 
acrid and pungent, and to collect the acid by itell 


The acetic ether, thus obtained, muſt be rectified by 3 
moderat: 
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moderate heat with potaſh. In this operation there is 
2 good deal of it loſt. The formation of this æther is 
oving to radical vinegar's containing an exceſs of oxi- 
gene. Scheele relates, that he never ſucceeded in pre · 

g acetic zther from radical vinegar combined with 
alcohol, and could not accompliſh this preparation 
without adding a mineral acid. M. Parner had al- 
ready made the ſame remark on the difficulty of ob- 
taining acetic æther by M. de Lauraguais's proceſs. 
A great many French chemiſts have, however, employed 
this proceſs, and I myſelf, among others, with ſufficient 
ſuccels. 

M. de La Planche, apothecary, prepares acetic zther 
by pouring concentrated ſulphuric acid and alcohol upon 
acetite of lead introduced into a retort, The theory 
and practiee of this operation differ in no reſpe& from 
thoſe. of the analogous proceſs by which nitric and mu- 
riatic æther are prepared. Acetic æther has, like every 
other ſort of æther, an agreeable ſmell, which, however, 
is always mixed with the ſmell of vinegar, though not 
acid. It is very volatile and inflammable, burns with a 
lively flame, and leaves, after its combuſtion, a carbo- 
naceous mark. | 

Chemiſts need to make yet many more reſearches into 
the nature of the acetic acid. What we have here ſaid 
concerning its properties, will ſerve to ſhew, 1. That it 
differs in a ſingular manner from the acerous acid, or 
common vinegar. 2. That the difference is owing to the 
acetic acid's containing more oxigene than the acetous z 
which exceſs it has derived from the oxide of copper.— 
Let us now reſume the examination of the other proper- 
ues of common vinegar. 
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The acetous acid, with the help of heat, diflolves the 
gold precipitated by fixed alkali, from the oxigenated 
muriatic acid. This acetous ſolution of gold, precipi. 
tated by ammoniac, affords fulminating gold, as has been 
ſhown by Bergman. It acts in the ſame way on plating 


and filver. While theſe metals are in a matallic ſta, F. 
vinegar is incapable of acting upon them; but it dif. by t 
ſolves them, when expoſed to it in the ſtate of oxides. ſalt, 
Vinegar is capable of combining with many of the are | 
immediate principles of vegetables: It diſſolves extract, each 
mucilages, and eflential ſalts. It combines with the aro. S| 
ma: It is thought to be the proper ſolvent for gum re in dc 
fins. It has even, at length, or by the way of diſtila. dure 
tion, a diſcernible influence on fat oils, and reduces then Mel. 


to a ſort of ſaponaceous ſtate. The combinations of vi. Wl the b 
negar with vegetable ſubſtances have not been farthe Ac 
examined with any accuracy. cellen 

This acid is uſed in the extraction of ſeveral of the Keyſe 
principles of vegetables, eſpecially in the extraction of The 
their odoriferous principle ; and various ſorts of vinegu, Mere 
both fimple and compound, are prepared for media They 


uſes. Vinegar of ſquills, colchicum, &c. afford inſtance be ver 
of the ſimple ; theriacal vinegar, and the vinegar of the ¶ Io exc 
four thieves, are compounds. Theſe medicines are pte. Wlerera 


pared by maceration and digeſtion, continued for ſever ions, 
days. As this acid is volatile, it is diſtilled on aromatic f lead 
plants, whoſe odoriferous principle it takes up. Of t Cer, 
kind is the diſtilled vinegar of lavender, which is ud Huents 
at the toilet. Theſe liquors are, in general, not ſo agret- nd un 
able as ſpirituous diſtilled waters. The 

Vinegar is very much uſed as an article of ſeaſoning 
It is much uſed in medicine, as being cooling and att 
ſeptic 


tive, 


pu 
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&ptic: There is a ſyrup made up of ſugar and vinegar, 
which is adminiſtered with ſucceſs in burning and putrid 
fevers, &c. This acid, applied externally, is aſtringent 
and reſolvent. All its combinations * in vo manner, 


* uſed as excellent medicines. 


Acetite of potaſh, and acetite of ſola, which are 8 
by the names of terra foliata tartari, and acetous mineral 
ſalt, are powerfully diſcuſſive and aperient: They 
re given in doſes of half a drachm, or even a drachm 
mee > | 
Spirit of Mendergrus, or ammoniacal acetite, given 
in doſes of a few drops, in certain drinks, is aperient, 
diuretic, cordial, antiſeptic, &c. It is often ſucceſsful in 
the leucophlegmatia, or ſwelling of the external parts of 
the body. 

Acetite of mercury, or terra foliata tartari, is an ex- 
cellent anti-venereal : it is the principal ingredient in 
Keyſer's pills. 

The extract of Saturn, vinegar of Saturn, and vegeto- 


mineral water, are applied externally, as deſiccatives. 


They are violently repercuſſive, and ought therefore to 
de very cautiouſly adminiſtered, eſpecially when applied 
to excoriated or ulcerated parts. Boerhaave mentions 


ſeveral young women who were attacked with conſump- 


ons, in conſequence of the external uſe of preparations 
pf lead. 

Ceruſe enters into the compoſition of deſiccative un- 
zuents and plaſters; and verdigris into ſeveral collyria 
nd unguents, 

The acetic acid, or radical vinegar, is given-as a very 
tire, irritating, and ſtimulating medicine. It is held 
Ff2 to 


453 A at 


to the noſtrils of perſons in fainting-fits. In order thy 
it may be the more conveniently made uſe of, a certain 
quantity of this acid is poured on ſulphate of potaſh in a 
coarſe powder, and put into a cloſe-ſtopped-phial, Thi 
medicine is well known in the world, under the name of 
falt of vinegar. —_ | 
Acetic æther has not yet been applied to uſe ; and i 
is not known whether it poſſeſſes any virtues different 


from thoſe of the other ſorts of æther. 
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CHAP. XXV. 


Of the Putrid Fermentation of Vegetables. 


e vegetable ſubſtances that have ſuffered the ſpi- 
rituous and the acid fermentation, are ſtill liable 
to undergo another inteſtine motion, which 1s called 
putrid fermentation. Stahl and ſeveral other chemiſts 
think this fermentation to be nothing but a conſequen- 
tial part of the two other fermentations alteady deſcri- 
bed ;—or rather, that the phænomena of all the three 
ariſe from one internal emotion, the tendency of which 
is to deſtroy the texture of the ſolids, and to alter the 
nature of the fluids. It is in fact obſervable, that cer- 
tain vegetable ſubſtances paſs, of themſelves, through 
three ſucceſſive fermentations. For inſtance, all ſaccha- 
tine matters, diluted in a certain quantity of water, and 
and expoſed to a heat of—from 60 to 80 degrees, afford, 
rſt wine, then vinegar, and at laſt loſe entirely their 
character of acidity : they are altered, become putrid, 


loſe all their volatile principles, and are in the end re- 
Ff 3 duced 
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duced to a dry, inſipid, earthy ſubſtance. It is to he 
obſerved, however, that a great number of vegetable 
ſubſtances are not, in any ſenſible manner, liable to paſs 
fucceſſively through theſe three ſorts of fermentation, in 
the above-mentioned order. Inſipid mucilages and gum 
diſſolved in water paſs into an acid, without becoming 
diſcernibly ſpirituous: the glutinous mae: again ſeems 
to paſs, all at once, into a ſtate of putrefaction, vithou 
becoming acid. It appears, then, that although in ſe. 
veral of the principles of vegetables, theſe three fermen. 
tations follow each other in regular ſucceſſion, yet many 
of thoſe principles are ſuſceptible of the two latter ſpe. 
cies of fermentation, without having previouſly under. 
gone the former; nay, are even liable to putrefaction, 
without becoming previouſſy acid. Thoſe of the laſt 
mentioned character partake of the nature of ' animal 
ſubſtances, and accordingly afford ammoniac by the 1. 
tion of fire, and azotic gas by the acid of nitre. | It is i 
conſequence of their poſſeſſing ſuch characteriſtics that 
theſe vegeto-animal ſubſtances putrefy ſo readily. 
Certain conditions, well worthy of our attention, ae 
requiſite, in order that the inteſtine motion which chan. 
ges the nature of vegetable matters, and reduced then 
to their. elementary principles, may take place. Hom 
dity, or the preſence of water, is one of the moſt indi 
penſable of theſe conditions. Dry ſolid vegetables, ſuch 
as wood, ſuffer no alteration while they continue in that 
ſtate ; but if they be moiſtened, and their fibres ſepars 
ted, an inteſtine motion then commences. Water aþ 
. pears, therefore, to be one of the cauſes of putreſafug 
And when we come to examine the animal kingdon, 


we will have occaſion to ſee, that the inteſtine _ 
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with which putrefaction begins is owing to the decom- 
poſition of that liquid. Heat is not leſs neceſſary to 
putrefaction. Cold, or the temperature of ice, is not 
only adverſe tp this ſpontaneous deſtruction in ſubſtances 
which have not yet begun to ſuffer from it, but even 
retards its progreſs, and, in ſome meaſure, reverſes it 
where it has already begun to operate.. The degree of 
heat neceſſary to putrefaQtion, is much inferior to what 
is required for the ſpirituous and the acid fermentation; 
for putrefaction takes place at the temperature of 45 de- 
grees; but a more conſiderable heat is ſtill more favour- 
able ; at leaſt, if it be not ſo violent as to volatilize all 
the moiſture of the putreſcent ſubſtance, and render it 
entirely dry. Acceſs of air is another condition, ſingu- 
larly favourable to putrefaction; for vegetable ſubſtances 
are very well preſerved in vacuo. The contact of air, 
however, is not ſo indiſpenſably neceſſary to putrefaction 
as the two other conditions already mentioned; for 
this phenomenon ſometimes takes place without its af. 

ſiſtance. | 
The putrefaction of vegetables exhibits peculiar phæ- 
nomena, Vegetable fluids, when they putrefy, become 
turbid, loſe their colour, and depoſite various ſediments: 
bubbles aſcend to the ſurface, and mouldineſs gathers 
over it in the beginning of the alteration. Soft vege- 
table matters exhibit the ſame phænomena, on being 
ſimply wet. The emotion then produced is at no time 
ſo conſiderable as that which appears in the caſes of ſpi- 
rituous and acetous fermentation. The putrefying body 
does not appear to increaſe in bulk, nor does its tempe- 
rature become higher. But the principal ph nomenon 
of putrefaction is, change of ſmell, with the volatilization 
F f 4 of 
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of an urinous, pungent, acrid principle, —in a word 
ammoniac. From this circumſtance, putrefaQion ha 
been called alkaline fermentation, and ammoniac conſider, 
ed as its product. The pungent ſmell exhales by de 
grees, and is ſucceeded by a nauſeous infipid fmell, 
which can fearce be deſcribed. The decompoſition ha 
now attained its height: The putrid vegetable mals i 
become very ſoft, like a jelly; it ſinks down, and the 
odorous principle exhaling from it ſuffers a great may 
fucceſſive modiſieations. At laſt it becomes dry, aud 
lofes, by degrees, its diſagreeable ſmelt ; and what te. 
mains is nothing but a blackiſh, and ſeemingly carbon. 
ceous reſidue, known by the name of humus vepetabily, 
which is found to contain nothing but ſaline and earthy 
fubſtances. Such is the order of the phænomena that 
are ſucceſſively obſerved in the ſpontaneous decompoſ. 
tion of putrefying vegetables. But this proceſs of de. 
compoſition, when carried ſo far as to reduce the veys 
table body to an earthy or ſaline reſidue, is extremely 
| tedious, and, we may even add, has never yet been cb. 
ſerved by any perfon with ſuitable attention. Chemiſt 
and naturaliſts have paid ſtill leſs attention to the putre- 
faction of vegetable, than to that of animal ſubſtances, 
No philoſopher has hitherto undertaken to obſerve al 
the phænomena of the putrefaction of vegetables, but 
many have begun to deſcribe thoſe which attend the p- 
trefaction of animal matters. Here, therefore, it ap 
pears proper for us to conclude our hiſtory of the ſpot- 
taneous and natural decompoſition of vegetables wili 
the following obſervations : 1. The little which we han 
here ſaid concerning it is ſufficient to ſhow, that the 


putrefaction of vegetables attenuates, volatilizes, and de 
ſtrop 
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ſtroys all their humours, and reduces them to an earthy 
ſtate: 2. We have as yet no certain knowledge of the 
phenomena and the limits of this fpecies of putrefaction, 
which is to be carefully diſtinguiſhed from the putrefac- 
tion of animal matters : 3. Laſtly, As this fermentation 
is much more conſpicuous, and has been much more at- 
tentively obſerved in the humours and folids of animals; 
| the more extenſive detail of particulars which we are to 
ive, in our account of animal ſubſtances, will complete 
| the ſketch which we have here marked out, and con- 
clude the hiſtory of thoſe fats that are known concern- 
ing putrefaction. 


PART 


PART FOUR T H. 


Tre ANIMAL KING Dot. 


CHA FE. I 


Of the Chemical Analyſis of Animal Subſtances in g. 
| neral (1). 


N the analyſis of animal ſubſtances, we meet with 
greater difhculties than in any other part of che. 
miſtry ; and our chemical knowledge of thoſe ſubſtance 
is accordingly in a more imperfect ſtate than any othe 
branch of the ſcience. The ancient chemiſts were con- 
tent with diſtilling them by naked fire; an open 
tion which is at preſent known to alter and totally de. 
ſtroy the nature of ſuch compound bodies as the ſolids cr 
fluids of animals. The only parts of animals that hare 


yet 


(1) In the ſecond edition of this Work, the animal kingdom be 
gan with a brief account of the nature of animals, the diſtinctions ſub 
ſiting among them, the methods requiſite for marking out thoſe di 
tinctions in Natural Hiſtory, and the Natural Philoſophy of Animals 
The mode of arrangement now adopted in theſe volumes, and the lik 
connection between the natural deſcription of animals, and the chemi 
try of animal matters, bave ;uduced me to remove that part into a fl 
volume. A. 
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ret been ſubje&ed to an analyſis, are ſome of the hn- 
mours of the human body, 'and the humours of certain 


quadrupeds. 


Many circumſtances have concurred to retard the 


progreſs of this branch of chemiſtry. The difficulty 


and diſagreeableneſs attending reſearches of this kind; 
the imperfection of the chemical methods with which, 


til within theſe few years, animal matters were always 


treated, and which conſtantly produced on them great 


alterations; the impoſſibility which was always found of 
approaching near to a reproduction of any animal mat- 


ter by ſyntheſis; and, above all, the ſmallneſs of the in- 
ducements which any but medical chemiſts could have 
to engage in ſuch reſearches; are the principal reaſons 
which have prevented the enlargement of this depart- 
ment of the ſcience of chemiſtry. But the reſearches 
of ſeveral moderns, eſpecially of Meſſrs Rouelle, Mac- 
quer, Bucquet, Poulletier de la Salle, Berthollet, Prouſt, 


Scheele, and Bergman, have here opened a new tract 


of diſcovery, and fhew, that the art of healing may 
derive the moſt ſignal advantages from reſearches of 
this kind, | 

Tae human body, and the bodies of quadrupeds— 
the principal animals which engage our attention—are 


compoſed of fluids and ſolids. The humours of animals 


are divided into three claſſes, according to the purpoſes 
lor which they ſerve. The firſt contains the recremen- 
titial humours, the uſe of which is to nouriſh certain 
organs: the ſecond comprehends excrementitial humours, 
which are evacuated by certain emunctories, as uſeleſs, 
and even noxious, when retained too long within the 
body: the third claſs conſiſts of humours to which the 

I characteriſtics 
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characteriſtics of both the two former claſſes belong, 
they being partly recrementitial, and partly excrement, 
tial, To the firſt claſs belong the blood, the lymph, 
the jelly or gelatinous patt, the fibrous or glutinoy 
part, the fat, the marrow, the matter which ſupport 
interior perſpiration, and the offeous juice. The ſecond 
claſs conſiſts of the fluid which is inſenſibly tranſpires 
by the pores, the ſweat, the mucus of the noſtrils, ths 


cerumen of the ears, the gummy matter of the eyes, the | 


urine, and the f:eces. Thoſe of the thitd claſs are, the 
faliva, the tears, the bile, the pancreatic juice, the gal: 
fric and inteſtinal juices, the milk, and the ſeminal l; 
quor. We cannot examine all theſe fluids in the orde 
in which they are here mentioned: 1. Becauſe they at 
{till but very little known; 2. Becauſe it is abſolute 
neceſſary that we treat firſt of ſuch as have been the 
moſt completely analyſed. 

The ſolids of animals; which form the parenchyma 
of their different organs, may be divided into three 
claſſes. In the firſt of theſe claſſes I rank the ſoft white 
parts, ſuch as the lamina of the cellular tiſſue, the men- 
branes, the membranous viſcera, the aponeuroles, the 
ligaments, the tendons, and the ſkin, The ſoft red 
parts form a ſecond claſs, very different from the former; 
ſuch are, particularly, the muſcles, and a part of the 


organs which contain muſcular fibres, as the ſtomach, 


the inteſtines, the bladder, the matrix, &c. Laſth, 
the third claſs comprehends the offeous or bony ſolids 
Animal matters are at preſent analyſed in a ve 
different way from that in which they were analyſed 
a few years ſince. They are no longer ſubjected to de 
compolition by fre; they are now treated by re- agent, 
particular) 
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ly acids, alkalis, alcohol, &c. The different 
guids intermingled with each other, or contained in the 
veſicles of the different parts, are ſeparated by reſt, de- 
cantation, filtration, or expreſſion. The action of theſe 
ſubſtances on colouring matters is examined, and the ſe- 


reral changes which they are liable to ſuffer in different 
temperatures are obſerved. Animal liquors are careful. | 


ly evaporated, and the different ſalts which they contain 
extracted from them unaltered, 

By theſe methods of analyſis, modern chemiſts have 
made a number of important diſcoveries concerning ani- 
mal ſubſtances. Scheele has found them to contain ſe- 
veral acids different from thoſe which were before 
known. M. Berthollet has demonſtrated the exiſtence 
of phoſphoric acid, in a naked ſtate, in urine and ſweat; 
and has likewiſe found, in animal matters, a remarkable 
quantity of the azotic principle. This laſt diſcovery is 
one of the moſt important facts which the analyſis 
of animal matters has made known to us. The exiſt- 
ence of azote in theſe ſubſtances, eſpecially in their fi- 
brous parts, accounts for the difference between animal 
and vegetable matters. This body is obtained in the 
ſtate of elaſtic fluidity, or in azotic gas, by treating the 
fleſh of the muſcles with nitric acid : even without the 
operation of any external heat, it is diſengaged in a 
pretty large proportion : it paſſes before the nitrous gas ; 
and when the nitrous gas begins to be diſengaged, 
the operation ſhould be ſtopped, and the veſſels chan- 
ged. ä 

M. Berthollet explains by this diſcovery the forma - 
tion of the ammoniac which animal ſubſtances afford, 
when treated with fire. the production and diſengage- 


ment 
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ment of this falt by putrefaction, —and the relation he. 
teen theſe ſubſtances and vegetable matters that are 
liable to putrefaction, and afford ammoniac by diſtill,, 
tion. It appears, in fact, that in both theſe inſtance, 
the ammoniac is formed by the combination of hydrq. 
gene with azote. I believe I cannot here do better thay 
give, in M. Berthollet's own words, what he has faid 
concerning the nature of animal ſubſtances in gener], 
in a Memoir read before the Faculty of Medicine, 
and inſerted in the IO de Pay ique, vol. 28. Page 
272. 
oe tals bodies are chiefly compoſed of two ſub. 
< ſtances, which are diſtinguiſhed from each other by 
very eminent peculiar characteriſtics. Of theſe ſub. 
< ſtances, one claſs affords acids, when decompoſed by 
** the action of fire; the other volatile alkali + The one 
< claſs forms ardent ſpirit by fermentation ; the other 
c immediately putrefies, {till affording volatile alkali 
«© The one leaves, when-calcined, a coal that burns es. 
* fily ; the other is reduced to a coal which burns with 
difficulty: The one, in ſhort, forms the greater part 
< of vegetable, the other of animal ſubſtances ; and 
< hence they are diſtinguiſhed by theſe two different de- 
© nominations. 

% M. Bergman, by means of ſugar and the nitrous 200 
<« produced an acid which he called the ſaccharine acid, 
<« poſſeſſing peculiar and remarkable properties. On ap: 
« plying to animal ſubſtances this analyſis by nitrous acid 
« found that they all afforded more or leſs ſaccharine 
&« acid, which was always accompanied with a peculiar 


fil. I obſerved that no ammoniacal ſalt was obtained, 


« but a reſidue remained, which vegetable ſubſtances do 
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« not afford. From theſe firſt experiments, I concluded, 
« in the Memoirs of the Academy for the year 1780, that 
« animal matters Contained fome ſubſtance analogous to. 
« ſygar, in combination with an oil which I conſidered 
« ag peculiar to animal matters. I learned farther from 
« my experiments, that volatile alkali did not exiſt in 
« animal ſubſtances, but was produced by ſome com- 
u bination, effected either by the action of heat, or by 
« the influence of putrefaction. And laſtly, The reſidue, 
concerning which I did not explain my ſentiments in 
« that Memoir, contains an exceſs of phoſphoric acid, 
combined with calcareous earth. 

« | afterwards examined the action of metallic calces 
and ſalts on animal ſubſtances, and proved, that the 
« ation to which-theſe owed their cauſticity was a con- 
© ſequence of the chemical affinities by which metallic 
« calces tended, with more or leſs force, to revivication ; 
« the calces of filver and mercury, which are very eaſily 
* reduced, having an high degree of cauſticity, and 
forming very cauſtic ſalts. It follows, on applying 
the late diſcoveries of natural philoſophers to the theo- 
* ry which I have given, that it is the air, exiſting in a 
combined ſtate in metallic calces, and without its prin- 
* ciple of elaſticity, which tends to unite with ſome 
* principle in animal ſubſtances ; which principle ap- 
* pears to me to be the oil which they contain. But 
* the cauſticity of alkalis cannot be aſcribed to the 
* ſame cauſe ; it muſt be owing to ſome other aflini- 
*ty. In the Memoirs of the Academy for the year 
1782, I have proved that cauſtic alkali diſſolves 
animal ſubſtances, without dividing their principles. 
have explained the properties of this combination, 

and 
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ment of this falt by putrefaction, —and the relation he. 
tween theſe ſubſtances and vegetable matters that art 
liable to putrefaction, and afford ammoniac by diſtilla. 
tion. It appears, in fact, that in both theſe inſtance; 
the ammoniac is formed by the combination of * 
gene with azote. I believe I cannot here do better than 
give, in M. Berthollet's own words, what he has fait 
concerning the nature of animal ſubſtances in gener], 
in a Memoir read before the Faculty of Medicine, 
and inſerted in the Journal de Phyſique," vol. 28. page 
272. a ben! {8 92 
Organized bodies are chiefly compoſed of two ſub. 
< ſtances, which are -diſtinguiſhed from each other by 
< very eminent peculiar characteriſtics. Of theſe ſub, 
< ſtances, one claſs affords acids, when decompoſed by 
the action of fire; the other volatile alkali : The one 
< claſs forms ardent ſpirit by fermentation ; the other 
© immediately putrefies, ſtill affording volatile alkali: 
„ The one leaves, 'when calcined, a coal that burns es. 
<« ſily; the other is reduced to a coal which burns with 
<« difficulty: The one, in ſhort, forms the greater part 
< of vegetable, the other of animal ſubſtances ; and 
< hence they are diſtinguiſhed by theſe two different de- 
© nominations. 

% M. Bergman, by means of ſugar and the zitrous acid, 
produced an acid which he called the ſaccharine acid, 
<« poſſeſſing peculiar and remarkable properties. On ap: 
« plying to animal ſubſtances this analyſis by nitrous acid 
« I found that they all afforded more or leſs ſaccharine 
gd, which was always accompanied with a peculiar 


4 il. I obſerved that no ammoniacal ſalt was obtained, 


« but a reſidue remained, which vegetable ſubſtances do 
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« not afford. From theſe firſt experiments, I concluded, 
« in the Memoirs of the Academy for the year 1780, that 
« animal matters contained fome ſubſtance analogous to 
« ſygar, in combination with an oil which I conſidered 
« az peculiar to animal matters. 1 learned farther from 
« my experiments, that volatile alkali did not exiſt in 
« animal ſubſtances,” but was produced by ſome com- 
« hination, effected either by the action of heat, or by 
« the influence of putrefaction. And laſtly, The reſidue, 
« concerning which I did not explain my ſentiments in 
« that Memoir, contains an exceſs of phoſphoric acid, 
combined with calcareous earth. 

* afterwards examined the action of metallic calces 
« and falts on animal ſubſtances, and proved, that the 
action to which-theſe owed their cauſticity was a con- 
© ſequence of the chemical affinities by which metallic 
« calces tended, with more or leſs force, to revivication ; 


(che calces of filver and mercury, which are very eaſily 
„reduced, having an high degree of cauſticity, and 
(forming very cauſtic ſalts. It follows, on applying 


the late diſcoveries of natural philoſophers to the theo- 
* ry which I have given, that it is the air, exiſting in a 
combined ſtate in metallic calces, and without its prin- 
* ciple of elaſticity, which tends to unite with ſome 
* principle in animal ſubſtances ; which principle ap- 
* pears to me to be the oil which they contain. But 
the cauſticity of alkalis cannot be aſcribed to the 
* ſame cauſe ; it muſt be owing to ſome other affini- 
*ty. In the Memoirs of the Academy for the year 
* 1782, I have proved that cauſtic alkali diſſolves 
* animal ſubſtances, without dividing their principles. 
have explained the properties of this combination, 
and 
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and afterwards employed it in uniting animal ſub. 
* ſtances with the different metallic ca/ces. Seyery 
* combinations, not previouſly known to chemiſts, wer, 
produced: But cayſtic alkali, treated in the fans 
«© way with vegetable ſubſtances, formed no combing. 
ce tion with them. 

<* Purſuing my reſearches, I have at length diſcovered 
< the principles of volatile alkali, I have ſhown volatil 
© alkali to be a combination of detonating inflammajl 
gat, or, more accurately, of the inflammable gas of 
<< water with phlogiſticated or mephitic air, in ſuch pro 
<< portions, that inflammable gas compoſes. one ſixth a 
the weight, or two thirds of the bulk of vatatile allal 
I next aſcertained in what manner volatile alkali may 
<© be produced by putrefaction, or the action of fire. Al 
<< fubſtances poſſeſſing the characteriſtics of animal ſub. 
<« ſtances contain mephitis, which may be ſeparated 
from them in abundance, by the operation of the 
ce nitrous acid. When thoſe ſubſtances are diſtilled, there 
fore, their mephitis muſt of neceſſity either pals into 
< ſome new combination, or be found among their ae 
s riform products. But among theſe laſt it is never 
found; as 1 fully aſcertained by detonizing inflanmab! 
gas, obtained by this means, in M. Yolta's eudione 
< ter, and comparing it with inſlammable gas obtained 
< by diſtillation from charcoal, and with that of vege 
<< table ſubſtances ; and, after the inflammable gas, then 
is none other but the w/atile alkali among the pto- 


e ducts obtained by diſtillation from animal ſubſtances, 


into the compoſition of which the mephitis can poſt- 
© bly be received. Conſequently, whenever volatil a- 
Lali is formed, the mephitis of the animal ſubſtance 
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s combines with the inflammable gas ſeparated from the 
« gil, or more probably with that produced by the de- 
« compoſition of the water, whoſe vital air combines 
« at the ſame time with charcoal, to form #xcd air; 
« in putrefaction, the inflammable gas combines with the 
« mephitis ; whereas, in the ſpirituous fermentation, the 
« ſame gas combines with a vegetable oil and ſugar to 
« form ſpirit of wine, in which I have diſcovered and 
« ſeparated theſe ſubſtances by means of the Le" 
® cated marine acid. 

« From theſe ſeveral obſervations, it follows, that 
animal ſubſtances are of a much more compound na- 
* ture than ſubſtances purely vegetable. They contain 
« 2 matter analogous to ſugar, a peculiar oil, phoſpho- 
* ric acid combined with calcareous earth, mephitis, and 
« very probably fixed air. It is the phoſphoric acid 
“ which exiſts in the coal of animal ſubſtances, in com- 
* bination with a portion of real charcoal, oil, and earth, 
that appears to me to occaſion the difference obſerved 
between the coals of animal and thoſe of vegetable 
+ ſubſtances.” 

Such 1s the accuracy and perſpicuity with which M. 
Berchollet explains the nature of animal ſubſtances in 
general. When theſe diſtinct facts and fair deductions 
ae compared with the vague notions which before pre- 
riled concerning the difference between animal and 
regetable matters, the progreſs which chemiſtry has 
made within theſe few years, by means of the reſearches 
Swediſh. and French chemiſts, cannot but appear 
loniſhing. There is the ſtrongeſt reaſon to hope, that 


jarther experiments on animal matters, upon the ſame 
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plan which has been marked out and purſued by the mot 
celebrated chemiſts, from Margraff and Rouelle to the 
preſent inſtant, will ſupply a great deal of valuable in. 
formation concerning theſe ſubſtances ; their formation, 
the alterations which they are liable to undergo, and 
their deſtruction; and particularly, may be of the mo 
eſſential ſervice to the ſcience of Medicine. The truth 
of this aſſertion will be fully proved, by the account of 
the diſcoveries already made, and of their application, 
which we are to exhibit in the following chapters. 


CHAT 


CHAP. IL 


Of the Blaad. 


HE moſt important, the moſt compound, and the 
molt impenetrable of the recrementitial humours, 
is the blood. We treat of it firſt, becauſe the greateſt 
phyſicians maintain it to be the ſource and centre of all 
the other animal fluids. Many phyſicians, eſpecially M. 
Bordeu, have conſidered it as a ſort of fluid fleſh, a 
compound of all the animal humours : an opinion, which, 
though highly probable, has not been yet fully demon- 
ſtrated, | 
The blood is a fluid of a beautiful red colour, of a 
fat, unctuous, and, as it were, a ſaponaceous conſiſten- 
cy; of a taſte ſomewhat ſaline, but almoſt inſipid; and 
contained in the heart, arteries, and veins. This fluid 
is differently modified by the different parts through 
which it flows : For inſtance, in the arteries and veins, 
in the breaſt, and the region of the liver, in the muſcles 
and the glands, &c. it is not the ſame. This fact has 
dat ſufficiently engaged the attention of chemills, 
Gg 2 In 
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In conſidering the blood as it exiſts through the 
whole animal kingdom, we obſerve, that in, different 
animals it is ſingularly diverſified in colour, conſiſtency 
ſmell, and eſpecially temperature. The laſt is the moſt 
important of all theſe properties, and ſeems to depend 
on the circulation and the refpiration. The human 
blood, and that of quadrupeds and birds, is hotter than 
the medium which they inhabit ; and, for this reaſon, 
theſe are called hot-blonded animals. The blood of fiſhes 
and reptiles, again, is nearly of the ſame temperature 
with the medium which they inhabit ; and theſe are, for 
this reaſon, called co/d-blooded animals. Other proper. 
ties of this fluid, eſpecially its chemical qualities or chz. 
racteriſcics, would probably be found, if we were ac. 
quainted with the blood of all animals, to be ſubjeR to 
the ſame variations. 

The human blood, which more eſpecially engages ou: 
attention, is differently modified by the age, the ſex, th: 
temperament, and the ſtate of the health, of each ind. 
vidual, In infants, the female ſex, and phlegmatic per. 
ſons, it is paler and thinner. In robuſt and health 
perſons, it is thick, of a deep red colour, almoſt black, 
and of a much more ſaline taſte than in the former. 

Before proceeding to an analyſis of the blood, it 1 
neceſſary that we get acquainted with its phyſical pro. 
perties—its colour, heat, taſte, ſmell, and peculiar cor- 
ſiſtency of which we have already taken notice. bj 
the microſcope we diſcover in it a great many globule; 
which, according to Lieuwenhoek and Boerhaave, when 
broken in circulating through the ſmaller paſſages, lo 
their red colour, and become firſt yellow, and the 
white; ſo that, according to the phyſician of Leydes 
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2 red globule is an aſſemblage of other ſmaller white 
Tent globules, and owes its colour to its aggregation. There | 
Ny, :- another ſingular property belonging to the blood. 
moſt While hot and in motion, it continues fluid and red : 
pend When cooled and at reſt, it becomes a ſolid maſs, which, 
man by degrees, ſeparates into two parts ; the one red and 
than ſupernatant, its colour dark, and its conſiſtency concrete, 
aſon, till ſuch time as it ſuffer an alteration ;—this is called 
ſhes the clot of the bload : the other occupies the bottom of 
ture the veſſel, and is of a greeniſh yellow colour, and adhe- 
, for five ;—it is called the ſerum or lymph. This ſponta- 
oper. neous coagulation and ſeparation of the two parts of the 
chz. blood takes place in the laſt moments of an animal's 


life; and produces thoſe concrete matters which are 
found in the heart, and the larger veſſels of deceaſed ani- 
mals, and have been miſtaken ſor polypi. 

Blood, expoſed to a gentle and continued heat, paſſes 


\ the into the ſtate of putrid fermentation. When diſtilled 

indi. on a water-bath, it affords a phlegm of a faint ſmell, 

per. which is neither acid nor alkaline, but eaſily putrefies, 

chr in conſequence of its containing an animal ſubſtance 

ack, diſſolved through it. Expoſed to a more intenſe heat, 

r. blood, as has been diſcovered by De Haen, gradually 

it 1! coagulates and becomes dry: it then loſes ſeven- eighths 

pro- of its weight, and becomes capable of efferveſcence with 

con. acids. By conducting the fire properly, it may be har- | 
B: WF dened into a fort of corneous ſubſtance, Deſiccated 

les blood, expoſed to the open air, attracts from it ſome de- 

phen gree of moiſture, and, in the courſe of a few months, 

lobe there is formed on it a ſaline effloreſcence, which Rouelle 


then has determined to be carbonate of ſoda. When diſtilled 
den, by naked fire, it affords a ſaline phlegm, —that is, a 
: Gg 3 phlegm * 
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phlegm holding in ſolution an ammoniacal ſalt, ſuper. 


ſaturated with ammoniac. The nature of the empyreu. 


matic acid contained in this ammoniacal ſalt, which wa 
firſt obſerved by Wieuſſens, and has given riſe to ſo many 
diſputes among phyſiologiſts, has never yet been ſu. 
ciently examined. After this phlegm, a light oil paſſes 
then a ponderous coloured oil, and ammoniacal car. 
bonate contaminated with a thick oil. There remain; 
in the retort a ſpungy coal, very difficult to be incine. 
rated, which is found to contain muriate of ſoda, car. 
bonate of ſoda, oxide of iron, and a matter apparently 


_ earthy, which ſeems to be calcareous phoſphate. 


Blood, when burnt in a crucible, affords ſeveral pro. 
ducts, in the following order. 1. Water and a little am. 
moniac : 2. Oil and carbonate of ammoniac, which 
forms a yellowiſh vapour, thicker than the former: 
3. Pruſſic acid, which is eaſily diſtinguiſhed by its fœtid 
ſmell of peach-flowers : 4. Phoſphoric acid, which is form. 
ed by the combuſtion of phoſphorus, and is not diſen- 
gaged till the blood be reduced to a coal: 5. Carbs. 
nate of ſoda, which is volatilized at an intenſe heat: 
6. After this there remains in the crucible only a black. 
iſh, granulated, cryſtallized oxide of iron, mixed with 
calcareous phoſphate. | | 

Blood combined with alkalis, without previous decom- 
poſition, becomes more fluid by ſtanding. Acids in. 
ſtantaneouſly coagulate it, and alter its colour. By 
filtrating this ſubſtance, evaporating the liquor paſſel 
through the filter, drying it before a moderate fire, and 
lixiviating the matter that has been dried, neutral ſalt 
are obtained, conſiſting of ſoda, with the acid that wa 
mixcd with the blood. Alcohol coagulates blood. 
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If entire blood, mixed with a fourth part of its weight 
of water, be coagulated by heat, and if a part of the fluid 
that ſwims above the coagulated portibn be evaporated, 
a ſubſtance of a brown yellow is obtained, which is eaſi- 
ly diſtinguiſhed to be true bile. This diſcovery, which 
was made in 1790, confirms the opinion of the ancients, 
who conſidered bile as a conſtituent part of blood. 

Experiments made on blood in its original ſtate, do 
not diſcover the nature of the ſubſtances of which it con- 
ſits. But the ſpontaneous decompoſition of blood, and 
the ſeparation of its two component parts, the clot and 
the ſerum, afford us an opportunity of acquiring that 
knowledge by examining each of theſe matters by itſelf. 
Till within theſe few years, the chemical analyſis of the 
blood was confined to what has been related in the fore- 
going pages; but Meſſrs Menghini, Rouelle the younger, 
and Bucquet, have examined this fluid in a very differ- 
ent manner. The two laſt of theſe chemiſts eſpecially 
have conducted their experiments on this matter in a 
way which ſhews to what perfection the analyſis of ani- 
mal matters may be carried, by proceeding on their 
plan. The following account of the properties of the 
ſeveral ſubſtances which compoſe the blood, 1s derived 
from the diſcoveries of thoſe philoſophers, and from 
thoſe which I have made myſelf. 

The ſerum is very far from being pure water, but a 
peculiar matter, highly worthy of examination, to which 
ve give the name of the albuminous fluid. It is of a 
vellowiſh white colour, ſomewhat inclining to green; its 
taſte is ſaltiſh, but nearly inſipid; its conſiſtency unc- 
tuous and adheſive, When expoſed to the action of fire, 
it coagulates and becomes hard, long before it can be 
G g 4 heated 
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heated to ebullition : it communicates a green tinge t, 
ſyrup of violets. By diſtillation on a water-bath, it af. 
fords a phlegm of a mild inſipid taſte, which is neither 
acid nor alkaline, but ſpeedily putrefies. After loſing 
this phlegm, it is dry, hard, and tranſparent like horn: 
it is no longer ſoluble in water : by diſtillation in a re. 
tort, it affords an alkaline phlegm, a confiderable quan. 
tity of ammoniacal carbonate, and a very fœtid thick 
oil. All theſe products, in general, have a peculiar 
foetid ſmell. The coal of the ſerum, when diſtilled by 
naked fire, almoſt entirely fills the retort. It 1s ſo dif. 
ficult to incinerate, that it muſt be kept burning for ſe. 
veral hours, and expoſed to a great deal of freſh air, be. 
fore it can be reduced to aſhes. The afhes are of: 
blackiſh grey colour, and contain muriate and carbonate 
of ſoda, with calcareous phoſphate. 

The ſerum, if expaſed for ſome time to an hot tem. 
perature, in an open veſſel, paſſes readily into a ſtate of 
putrefaction, and then affords a conftderable quantity of 
ammoniacal carbonate, with an oil, the ſmell of which 
is inſufferably nauſeous. It putrefies ſo ſpeedily, that 
Bucquet could not diſcover whether it paſſed into an 
acid ſtate before becoming alkaline. This liquor com- 
bines with water in any proportion; and then it loſes its 
conſiſtency, its taſte, and its greeniſh colour. To pro- 
mote the combination, the mixture needs to be ſhaken; 
becauſe the difference between the denſities of the two 
fluids obſtructs their union. The ſerum, when pourel 
into boiling water, coagulates, almoſt wholly, inſtants 
neoully. A portion of this fluid forms, with the water,? 


fort of opaque and milky white liquor; which, accord 


ing to Bucquet, poſſeſſes all the characteriſtic properties 
TH 
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of milk; that is, is rarefied, and cauſed to mount up, 
like that fluid, by heat, and is coagulated by the ſame 
agents—by acids, and by alcohol. 

The ſerum or albuminous fluid poſſeſſes the property 
of fixing and rendering ſolid by heat, two or three times 
its weight of water. When ſeven or eight parts of wa- 
ter are added to one of ſerum, then the albumen is not 
coagulated by heat. The cauſe of this ſingular proper. 
ty, of coagulating by heat, which the ſerum of the blood 
poſſeſſes, has hitherto eluded the reſearches of philoſo- 
phers. I imagine it to be owing to the combination of 
oxigene, aſſiſted by heat, as it is in all other ſubſtances ; 
ſince a metallic oxide mixed with ſerum thickens it, 
whilſt itſelf paſſes into a metallic ſtate. Beſides, all the 
facts relative to the coagulation of the albuminous mat- 
ter prove, that the more air this ſubſtance contains, the 
more of it it has abſorbed, and the more ſpeedily it 
coagulates by fire, ſo much the more ſolid does it be- 
come by this agent. : 

Alkalis render the ſerum more fluid by effecting a ſort 
of ſolution of it. Acids alter it in a different manner, 
increaſing its confiſtency, and coagulating it. This mix- 
ture, filtrated, and evaporated after filtration, affords a 
neutral ſalt formed of ſoda and the acid employed : And 
this fact proves ſoda to exiſt in the ſerum in a naked 
ſtate, in full poſſeſſion of all its properties. The coagu- 
lum formed in this liquor by the addition of an acid, is 
very ſpeedily diſſolved in ammoniac, which is the ge- 
nuine ſolvent of the albuminous part of the blood; but 
it does not diſſolve at all in pure water. Acids precipi- 
tate this matter in union with ammoniac. The coagu- 
um, diſtilled by naked fire, affords the fame products as 

the 
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the ſerum deſiccated ; and its carbonaceous reſidue con. 
tains a good deal of carbonate of ſoda ;—a circumſtance 
which, in Bucquet's opinion, ſhews, that there exiſts 3 
portion of this ſalt in a ſtate of intimatec ombination, 
in the ſerum, which the acid employed to coagulate it 
does not ſaturate. 

The ſerum, inſpiſſated, Fords azotic gas by the action 
of the nitric acid, with the help of a moderate heat. On 
increaſing the fire, there is a quantity of nitrous gas dif. 
engaged from the mixture: the reſidue affords oxalic 
acid, and even a ſmall quantity of malic acid. 

The formation and diſengagement of the Pruflic acid 
by ſerum and the nitric acid, is a diſcovery which fur. 
niſhes a ſimpler and more ceconomical proceſs than that 
of Scheele's, for obtaining this acid pure. 

The ſerum does not decompoſe calcareous or alumi. 
nous neutral ſalts ; but it acts with ſufficient energy in 
decompoſing metallic ſalts. It is liable to be coagulated 
by alcohol: this coagulum differs conſiderably from that 
formed in the ſerum by acids, chiefly in its ſolubility 
in water, as Bucquet has diſcovered. This liquid ap. 
pears, therefore, from theſe reſearches, to be an ani. 
mal mucilage, conſiſting of water, acidifiable oily bales, 
muriate and carbonate of ſoda, with calcareous phol- 
phate: The roſe-coloured precipitate which I have ob. 
tained by pouring a portion of a nitric ſolution of mer- 
cury into the ſerum, appears to be owing to the la. 
ter of theſe principles. Although the liquid has ſcarce 
any colour, yet nitric acid, and ſtill more nitrate of 
mercury, produces, when poured into it, a roſe 0 
light fleſh-colour, which I have had occaſion to obſerve 
in many other animal liquors. The moſt ſingular pre 
peri] 


perty of this mucilage,—a property highly worthy of 
engaging the attention of phyſicians, —is, its being 
liable to become concrete by the action of fire and 
acids. Scheele thought this phænomenon owing to 
the combination of heat. Its true cauſe has been ta- 
ken notice of above. 

| The clot of the blood affords, by expoĩure to the heat 
of 2 water-bath, an inſipid water; it becomes, at the 
ſame time, dry and brittle. It affords, in the re- 
tort, an alkaline phlegm, a thick oil, of a fœtid, em- 
pyreumatic ſmell, and a good deal of ammoniacal car- 
bonate. The reſidue which it leaves, is a ſpongy coal, 
of a ſparkling metallic aſpect, difficult to incinerate, 
and affording, when treated with ſulphuric acid, ſulphate 
of ſoda and ſulphate of iron : there remains, after theſe 
operations, a mixture of calcareous phoſphate with car- 
bonaceous matter. Expoſed to an hot atmoſphere, the 
clot putrefies readily enough. When waſhed with wa- 
ter, this fluid ſeparates it into two very diſtin& matters; 
the one it diſſolves, deriving from it a red colour. The 
ſolution, treated with different menſtrua, exhibits all 
the ſame characteriſtics with the ſerum, but is found to 
contain much more iron. The metal is ſeparated by 
incineration, and by waſhing the incinerated coal, in 
order to carry off the ſaline matters. The remaining 
part of the lixivium, after the ſaline matters are carried 
oft, is in the ſtate of oxide of iron, of a brown colour, 


ot conſiderable beauty. It is uſually ſubje& to the at- 


traction of the magnet. Blood is thought to owe its 
colour to this metal. A very conſiderable proportion of 
iron has been extracted from this fluid by Meſſrs Men- 
aunt, Rouelle, and Bucquet. 

The 
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The clot, after being waſhed and cleared from al 
the red ferum which it contains, is in the ſtate of ; 
fibrous white matter; which it remains for us to ex. 
mine. | 

The fibrous part of the blood is white and colour. 
leſs, after being well waſhed : its taſte is inſtpid. l 
affords, by diſtillation on a water-bath, an inſipid 
phlegm, without ſmell, and liable to putrefaction. Eyen a 
the gentleſt heat hardens this fibrous matter in a ſingu- { 
lar manner. When expoſed ſuddenly to a ſtrong fire, 0 
it ſhrinks like parchment. By diſtillation in a retort, a 
it affords an ammoniacal phlegm, a ponderous oil, 02 
which is thick and very fœtid, and a good deal of fe 
ammoniacal carbonate, contaminated with a portion df 
oil. The reſidual coal is not very bulky, but compad, 
ponderous, and eaſier incinerated than that of the ſe. 
rum. Its aſhes are very white: it contains no faline 
matter, as it muſt have loft, by the waſhing, whaterer 


it contained of that kind,—and no iron: it is a ſort d cot 
reſidue of an earthy appearance, and ſeemingly calc tro 
reovs phoſphate. Ne 
The fibrous part of the blood putrefies very quickly, of 
and with great facility. When expoſed to an hot moil ter, 
atmoſphere, it ſwells, and affords a good deal of am- Thi 
moniac. It is not ſoluble in water: when boiled in that ly { 
fluid, it becomes hard, and acquires a grey colour. bin: 
Alkalis do not diſſolve it; but even the weakeſt acid it a; 
combine with it: The nitric acid diſengages from it : albu 
that 


conſiderable quantity of azotic gas, as we are told Iy 

M. Berthollet : (I have likewiſe diſcovered, that tte mal 

Pruſſic acid is formed, which is diſengaged in vapour ;/ em: 

and at length diſſolves it with eſſerveſcence, and te ©00! 
| diſengageme"! 
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diſengagement of nitrous gas. When it ceaſes to emit 
nitrous gas, the reſidue is oblerved to contain oily 
and ſaline flakes, ſwimming in a yellowiſh liquor: This 
liquor affords, by evaporation, oxalic acid in cryſtals ; 
ind, at the fame time, depoſites no inconfiderable 
quantity of flakes, compoſed of a peculiar oil, and cal- 
careous phoſphate. - It appears that hydrogene, carbone, 
and azote, which conſtitute the fibrous ſubſtance, are 
ſeparated in different proportions, to combine with the 
oxigene of the nitric acid, and thus form the Pruſſia 
and carbonic acids that are diſengaged in gas, and the 
oxalic and malic acids, that remain in ſolution, and are 
ſ:parated only by cryſtallization. 

The fibrous matter diſſolves alſo in the muriatic acid, 
which converts it into a ſort of green jelly. The acid 
of vinegar diſſolves it with the help of heat: Water, 
and eſpecially alkalis, precipitate this fibrous matter 
from ».cids. This animal matter is decompoſed in theſe 
combinations ; and when ſeparated, by whatever means, 
rom acids, no longer exhibits the fame properties. 
Neutral falts, and other mineral matters, are incapable 
of acting upon it. It unites with the albuminous mat- 
ter, eſpecially with that which is coloured, to form clot. 
Ihis laſt ſubſtance, as well as the fibrous part, is total- 
ly foluble in acids ; on account, no doubt, of the com- 
bination of this matter with the red ſerum. From this 
it appears, that the fibrous part differs greatly from the 
albuminous matter. It is more of an animal nature than 
that matter, being a ſort of animal gluten, bearing no 
mall reſemblance to that of farina, and poſſeſſing the 
remarkable property of becoming concrete by reſt and 


cooling. There is no doubt that this matter, which 
has 
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has not been ſufficiently attended to by phyſiologiſt 
and pathologiſts, acts an important part in the animal 
ceconomy. I have a conſiderable time ſince obſerved, 
that it is depoſited in the muſcles, and conſtitutes the 
fibrous baſe of thofe organs, and that ſubſtance which 
is moſt eminently irritable. I have concluded this ſub. 
ſtance to merit more attention than it has yet obtained, 
and have conſidered it as capable of occaſioning, by its 
exceſs or deficiency, certain diſeaſes : And I have given 
my reaſons for entertaining ſuch opinions, in a Memoir 
which is inſerted among the Memoirs of the Royal So- 
ciety of Medicine for the year 1783, &c. It appears that 
the peculiar acid which the blood affords by diſtillation, 
and which M. Chauſſier has obtained from it by the ac. 
tion of alcohol, exiſts in the fibrous part of its ſubſtance, 
For this reaſon, I have propoſed to call it the crusrit 
acid, if it ſhould ever be determined to be a peculiar 
animal acid. 

After all. theſe ingenious diſcoveries concerning the 
nature of the blood, we are yet far from being ſuff. 


ciently acquainted with all its chemical properties. We 


are yet ignorant of the minute difference which ſubſilt; 
between the ſerum and the fibrous part. The blood 
has not yet been examined in all its various ſtates ; par- 
ticularly in different diſeaſes, in which that fluid ſuffers 
confiderable alterations, ſuch as violent inflammation, 
the chloroſis, ſcurvy, &. Phyficians diſtinguiſh theſe 
alterations only by external appearances; and it i 
much to be wiſhed that accurate analyſes ſhould deter- 
mine their nature, in ſuch a manner as to afford a bei. 
ter direction to the practitioner in the art of healing. 
have found the blood of a human feetus to differ in 
| thre: 


ee 
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three remarkable particulars from that of an adult. It con- 
tained no fibrous ſubſtance, ſtrictly ſpeaking, but a ſort 
of gelatinous matter : it did not take a bright colour 


| from the contact of air; nor did it afford any marks of 


phoſphoric acid. 

Rouelle has examined the blood of various quadru- 
peds, the ox, the horſe, the calf, the ſheep, the hog, the 
aſs, and the goat. He obtained from them the ſame 
products which the human blood affords, but in different 
Proportions. 


CH A P. III. 


Of the Milk, 


| 1 
th. . 


E milk is a recrementitial humour, deſigned by 

Nature for the nouriſhment of the young of ani. 
mals in the firſt period of their exiſtence. It is of: 
dead white colour, a mild ſaccharine taſte, and a ſmell 
faintly aromatic. The female of the human ſpecies, fe. 
male quadrupeds, and cetaceous animals of the ſame 
ſpecies, are the only animals that afford milk. No other 
animal is furniſhed with organs for the-ſecretion of this 
humonr. It was long thought, that the milk was imme- 
diately ſeparated, by glands in the breaſt, from the blood 
conveyed into them by the numerous arteries which 
meet there. But the principles of which milk is knom 
to conſiſt, have not been hitherto proved to exilt in the 
blood : and late diſcoveries in anatomy have ſhewn, that 
the breaſts are furniſhed with a great many lymphatic 
and abſorbent veſſels, diſpoſed in a fatty tiſſue ; and 
the 
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the liquor which theſe contain is perhaps one of the 
chief conſtituent principles of milk. 

Milk is very different in different animals. In woman 
it is highly faccharine. Cows milk is mild, and its prin- 
ciples are intimately united. The milk of the goat and 
the aſs poſſeſſes peculiar ' virtues, and is often gently 


aſtringent, The properties of milk are liable to vary, 


as they commonly depend on the nature of the ood with 
which animals are nouriſhed. 

Cows milk, which we may take as an — as it is 
ſo eaſily procured, is a compound of three different ſub- 
ſtances; ſerum or whey, which is fluid and tranſparent; 
butter and cheeſe, which have more conſiſtency. Theſe 
three parts are fo mixed and Ros as to form a ſort 
of animal emulſion, 


Milk, diſtilled by the heat of a a affords an 


inſipid inodorous phlegm, ſuſceptible of putrefaction. 
Expoſed to a heat ſomewhat ſtronger, it coagulates 
like blood, as has been obſerved by Bucquet. When 
ſtirred and evaporated flowly, it forms a ſort of ſac- 
charine extract, known by the name of franchipane. 
This extract, diſſolved in water, forms Hoffman's whey. 
Diſtilled by naked fire, it affords acid, fluid oil, con- 
crete oil, and ammoniacal carbonate. Its reſidual coal 
contains a little potaſh, muriate of potaſh, and calca- 
rcous phoſphate, 

Milk, expoſed to an hot temperature, is liable to 


pal into a ſtate of ſpirituous fermentation, in which it 


torms a ſort of wine; but a conſiderable quantity of it 
muſt be together, in order that this alteration may take 
place. The Tartars prepare a ſpirituous liquor from 
mare's milk. The milk becomes quickly acid, and then 

Vol. III. H h coagulates. 
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coagulates. The cheeſe erben n * a maſs, — the 
whey ſeparate. 


Wien heated pretty thai; milk experiences 2 bran 
ſingular thickening : it ſwells, forms a pellicle at it; Th 
ſurface, which is renewed as faſt as it is removed, uni! WM it ma 
the whole of the caſeous ſubſtance be ſeparated. Men Wl the ſe 
Parmentier and Deyeux have aſcertained it to be the exam 
caſeous part which forms theſe pellicles. termi: 

Acids have inſtantaneouſly the ſame” effect on milk, WI 
They coagulate it; "this coagulum is again diſſolved by Wl milk, 
alkalis, eſpecially by ammoniac. -- Boerhaave - afferts, N acquir 
that milk boiled with oil of tartar becomes firſt yellow, WM tion v 
and takes afterwards a blood- red colour. He is even by th: 


of opinion, that it is hy ſome ſuch combination mik ed in : 
is converted in the human body into the ſtate of real Wi = later 
blood. Neutral ſalts, ſugar, and gum, likewiſe coagu. WM princip 
late milk, yi the help- of * as * i obſerved be pro 
| 7 Scheele. | is forn 
Io make 8 milk aa 80 e wich an add. whey. 
tion of rennet, in the proportion of twelve or filteen lt is 
grains to the pint. This ſubſtance, being a mixture of Hrature 
milk ſoured in the ſtomachs of calves, with the gaſtric Wot a feu 
juice, is a fermenting ſubſtance which coagulates the fand ſep 
caſeous part. After this coagulation is effected, the ¶Mformed 
whey is ſtrained from the curds. The flowers of thiltls, Mot twel 
and artichokes, act on milk in the ſame way as renne. Capable, 
As to gallium, though it has got the name of mie a; 
curdler, it does not poſſeſs that property, according u HPehecle 
the | obſervations of Meſſrs Deyeux and Parmentie. WW--tually 
The external membrane of the ſtomachs of cas ep 
and birds, when dried and reduced to powder, e ion 


duces the fame effect on milk: a fact which pros 
8:15 | 
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that the coagulation of this liquor is owing to the 
zried- gaſtric juice contained in the pores of that mem- 
brane. ö 4 | 

The ſerum or whey, prepared in this way, is turbid; 
it may be clarified with white of eggs and tartar. When 
the ſerum or whey is wanted very pure, in order to be 
examined, no acidulous tartarite of -potaſh ſhould be in- 
termixed with 'it.. 


 _& SS _££ cx 


1 Whey has a mild taſte. When prepared from new 
nik, it contains a ſaccharine eſſential ſalt; but it ſoon 
s WT :cquires a ſour taſte, in conſequence of that fermenta- 


tion which takes place in it. This emotion is produced 
by the alteration of a mucilaginous principle contain- 
ed in milk; and it is the extrication of this acid from 
a latent ſtate which ſeparates the whey- from the other 
principles of which milk conſiſts. It will therefore 
be proper to examine the nature of the acid which 
is formed in four milk, and © conſtitutes- fermented 
hey. 4 | 

It is well known, that milk left to itſelf, at a tempe- 
rature of ſeventy or eighty degrees, ſuffers, in the ſpace 
of a few days, a fermentation, which developes an acid, 
and ſeparates the butter and cheeſe. The acid which is 
formed by this fermentation, and acquires, in the ſpace 
ot twelve or fifteen days, all the ſtrength of which it is 
net. rapable, has been examined by Scheele: We call it the 
ilk. cc acid. The following is the proceſs by which 
gu becle obtained this acid pure, after attempting incf- 
te. ctually to ſeparate it from ſour milk by diſtillation. 
ls BF operation having afforded him only a very ſmall 
uon of acid, he evaporated four whey to an eighth 
er filtering it, to ſeparate all the caſeous mat- 
tt 8 Hh 2 ter. 


Ile diluted it with three times its weight of water; and 


fords no cryſtals; it attracts moiſture from the atmo 
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ter. The animal earth he precipitated by lime. water, lead 


ſeparated the lime by oxalic acid. To aſcertain whe. 
ther any oxalic acid remained- in it, he aflayed it vi WI :«t 
lime-water ; and then evaporated the liquor to the con. acid 
ſiſtency of honey; and precipitated the ſugar of milk, 
and ſome other extraneous ſubſtances, by mixing with 
it alcohol, which eaſily diſſolves the lactie acid, Laſth, 
He diſtilled this ſolution; and after the alcohol vn. 
thus volatilized, the lactic acid remained pure in the 
retort. Scheele afcribes to this acid the — pro- 
perties. 

Evaporated even to a very thick conſiſtency, it &, 


then 

The 
in a 
the ſa 


to a 


ſphere. By diſtillation, it aftords an empyreumatie acid, 
reſembling the pyro-tartareous acid, a little oil, and: 
mixture of carbonic acid gas, with carbonated hydro 
genous gas. 

In union with the three alkalis, with barytes, ox wil 
lime, the lactic acid forms deliqueſcent ſalts. In con- 


ſumm 
ment 
places 


bination with magneſia, it forms cryſtals 3 but thee, BW {pace 
too, attract moiſture from the atmoſphere. Moſ «MF tation 
theſe ſalts of milk, or alkaline and earthy lactates, ar WW ſecms 
ſoluble in alcohol. The acid of milk does not ad, 1 the d. 
any way, on cobalt, biſmuth, antimony, mercury, The 
ver, or gold, even though aſſiſted by a boiling heat. fourin 
diſſolves zinc and iron, producing from them hydt , {ub!t ar 
nous gas: the former of theſe ſalts, lactate of zinc, c Altho: 
ſtallizes; the other, lactate of icon, forms a deliquelcali proce; 


brown maſs. Barthe 
The lactic acid oxidates and diſſolves lead and cope tioncd 


The lactic ſolution of lead depoſites a little ſulphate i u, 147. 
| 11 
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lead; from which it appears, that this animal acid con- 
tains à ſmall portion of ſulphuric acid. Laſtly, It de- 
compoſes acetite of potaſh : This laſt property, with the 
reſt here mentioned as belonging to it, ſhew the lactic 
acid to be different in its nature from vinegar. To theſe 


particulars, Scheele adds, that real vinegar may be ob- 


tained from milk, by mixing fix ſpoonſuls of alcohol 
with three pints of milk, and leaving the mixture to 
ferment in a well-ſtopped veſlel : the gas diſengaged by 
the fermentation of the mixture, muſt be, from time to 
time, ſuffered to eſcape : at the end of a month, the 
milk is found changed into good vinegar : it may be 
then ſtrained through a cloth, and put up in bottles; 
The celebrated Swediſh chemiſt adds farther, that milk 
in a bottle, the neck of which enters a veſſel ſilled with 
the ſame liquor, undergoes, if expoſed in this condition 
to a heat ſomewhat ſuperior to the ordinary heat of 
ſummer, a fermentation which occaiions the diſengage- 
ment of a large quantity of elaſtic fluid : This fluid dif- 
places the milk, ſo as nearly to empty the bottle in the 
ſpace of two days : The acid produced by this fermen- 
tation, which takes place without the contact of air, 
ſeems to owe its oxigene, the acidifying baſe of air, to 
the decompoſition of water. 

Tae whey of ſweet milk, ſeparated by rennet, without 
ſouring, holds in folution a certain quantity of alkaline 
ſubſtance, known by the name of ſalt or ſugar of milk. 
Although Kempfer aſſerts, that the Brachmans have a 
procels for preparing this ſalt, it appears that Fabricius, 
Bartholet or Bartholdi, an Italian phyſician, firſt men- 
toned it to the world, in the year 1619. Etmuller Teſ- 
U, Werloſchnigg, Walliſnieri, Fickius, and Cartheuſer, 

II h 3 have 
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have ſucceſſively written concerning it, and deſcribed 
proceſſes for its preparation. Meſſrs Vulgamoz and 
Lichtenſtein have given very particular accounts of the 
art of extracting this ſaline ſubſtance, which is prepared 
in the great way in different places in Switzerland. 


They there evaporate whey, obtained from milk by ſkin. 


ming and coagulating it with rennet, till it be reduced 
to the conſiſtency of honey: This ſubſtance, put inte 
moulds, and dried before the ſun, forms ſugar of milk 
in tablets: theſe are diſſolved in water, clarified with 
white of eggs, and evaporated to the conſiſtency of ; 
ſyrup ; and then the liquor is cryſtallized in the cold 
white cryſtals are formed in it, in rhomboidal parallel. 
pipeds ; the mother-water depoſites yellow and brown 
cryſtal which are purified by ſucceſhve ſolutions. M 
Lichtenſtein has examined and analyſed the different {y. 


gars of milk that are fold in Switzerland at different 


prices; and has particularly diſtinguiſhed, 1. T he ſw 


ſugar of milk, which is extracted from ſweet purified 


whey : 2. The aceſcent ſugar of milk, obtained from ſou 
whey : 3. Sugar of milk, rendered impure by @ mixture 
fat particles, which, according to him, ſeparates in the 
firſt cryſtallization : 4. Sugar of milk, mixed with oil au 
common ſalt, which is laſt cryſtallized : 5. Sugar of milk, 
mixed with fat particles, common ſalt, and ſal ammoniat 
it is glutinous and moilt ; treated with fixed alkali : 
affords ammoniac : 6. Laſtly, Sugar of milk, mixed wil 
all the above-mentioned ſubſtances, and likewiſe with a 
tractive and caſeous matter ; this laſt ſugar is of the co 
ſiſtency of honey; it is liable to turn rancid, and is act 
and diſagreeable. | 
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Pure ſugar of milk taſtes, in a faint degree, like ſugar, 
inſipid, and ſomewhat earthy. By repeated, ſolutions, 
there is always ſo much of it loſt; It diflolyes'i in three 
or four parts of hot water: It affords, by .diſtilation, the 
ſame products as ſugar, according to Meſſrs Rouelle, 
Vulgamoz, and Scheele. The firſt of theſe chemiſts ob- 
tained, by burning, a pound of this ſalt, from 24 to 30 
grains of aſhes ; of which three fourths, were muriate of 
potaſh, and the remaining fourth part carbonate of pot - 
aſh, . On a burning coal, ſugar of milk melts, ſwells, 
gives out a ſmell of caramel, and burns like ſugar. Theſe 
properties afforded reaſon for thinking, that this. ſalt 
would, like ſugar, afford oxalic acid, if treated with 


nitric acid. Scheele's experiments have confirmed this 


conjecture : But he obſerves, that a much more conſi- 
derable proportion of ſpirit of nitre is neceſſary for this 
purpoſe, than to produce oxalic acid from common ſu- 
gar; and that 4 ounces of ſugar of milk afford 5 drams 
of oxalic acid: And he has farther diſcovered, that the 
reſidue of ſugar of milk that has been treated with nitric 
acid, when diluted in water, and filtrated, in order to 
the evaporation and cryſtallization of the oxalic acid, 
leaves on the filter a white powder, which he found to 
poſſeſs the characteriſtics of a peculiar acid, different 
trom the former. This we denominate the ſaccho, lactic 
acid. The following are its properties, as obſerved by 
Scheele: — - 

This acid is in the form of a 2 5 te granulated pow- 
der. Two drachms of this ſalt, in a ſtate of conſider- 
able purity, on being expoſed to heat in a glaſs-retort, 
melted, ſwelled, and turned black. There was ſubli- 
mated from this matter, a brown ſalt, the ſmell of which 
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was a compound of the ſmell of benzoin with that of 
amber, and which weighed 35 grains. This ſublimate 
was acid, ſoluble in alcohol, but not ſo elfily as in wa. 
ter, and burned on the coals. Iu the receiver, there 
was found a brown liquor, which poſſeſſed none of the 
characteriſtics of an oily ſubſtance. In the retort, there 
remained 11 grains of coaly matter. Both carbonic 
acid and hydrogenous gas were diſengaged during the 
diſtillation. The ſaccho- lactic acid is ſcarce foluble in 
water; for an ounce of boiling water diſſolves only fix 
grains of it; and even of that quantity, a fourth part is 
precipitated by cooling. M. de Morveau ſays, that this 
acid efferveſces with an hot ſolution of carbonate of 
potaſh. Saccho-lafte of potaſh, cryſtallized by cooling, 
was diſſolved in eight times its weight of hot water, 
and cryſtallized anew by the cooling of the liquer, 
Saccho- lacte of ſoda is ſuſceptible of cryſtallization, and 
only five parts of water are requiſite to diffolve it. This 
acid likewiſe combines with ammoniac; but heat de- 
prives the neutral ſalt thus formed of its volatile baſe, 
With barytes, aluminous earth, magneſia, and lime, the 
faccho-laQic acid forms ſalts which are almoſt inſoluble. 
It acts with little energy on metals; with their oxides 
it forms neutral ſalts, which are ſcarce ſoluble. It pre- 
cipitates nitrates of mercury, lead, and ſilver; as allo 

muriate of lead. | 
When Scheele firſt made this diſcovery, he thought, 
that the white powder depoſited by the oxalic acid, ob- 
tained from fugar of milk by the nitric acid, was ro- 
thing but calcareous oalate, the formation of which was 
owing to lime which might poſſibly be contained in this 
animal ſalt; but he was ſoon undeceived, when, cn 
pouring 
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pouring a ſmall portion of pure oxalic acid into a ſolu- 
tion of ſugar of milk, he found the mixture to afford no 
precipitate, Yet M. Hermſtadt, who, in Crell's Jour- 
nal, has given two Memoirs on ſugar of milk, in the 
ſecond of which he enters into a particular examination 
of this earthy acid; thinks, notwithſtanding Scheele's 
experiments, that it muſt be a compound of oxalic acid 
and lime with a fat matter. But M. de Morveau, exa- 
mining, with his uſual accuracy, the experiments of this 
chemiſt, and comparing them with thoſe of Scheele, has 
ſhewn, in the new Dictionnaire Encyclopedique, that M. 
Hermſtadt has not accompliſhed his object, and that 
even the reſults of his experiments rather confirm than 
contradict the difcoveries of the Swediſh chemiſt. M. de 
Morveau has himſelf made ſeveral ingenious experiments, 
which concur to eſtabliſh the ſame fact. To theſe par- 
ticulars we may add, that the oxalic and the ſaccho- lactic 
acids do not exiſt ready-formed in ſugar of milk ; and 
that this falt contains only the baſes which attract oxi- 
gene, or the acidifying principle from the nitric acid. We 
may farther obſerve, that new experiments may one day, 
perhaps, ſhew the ſaccho- lactic acid to be nothing but 
a modification of ſome other vegetable acid; for every 
thing tends to prove, that the principles of whey have 
| belonged originally to the vegetables with which the 
animals that afford it are nouriſhed. | 

Baron Haller repreſents ſugar of milk as exiſting in 
the following proportions, in the milk of the following 
animals : 

Four ounces of ſheep's milk afford from 35 to 37 
grains of ſugar of milk: 

The 
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; The ſame quantity of goat's milk 


Milk. 


* 


— — In from 58 60 6 
— of mare's milk from 69 to 50 


Sn 


of aſs's.milk -, from 80 to 82 


Rouelle has obſerved, that after the ſugar of milk i; 
extracted from the whey of cow's milk, it cools into x 
fort of jelly; and accordingly believes it to contain 8. 
latinous matter. 

The cheeſe, or caſeous part of * is farmed Into 
maſs, and ſeparated from the other parts of the liquid, 
by the action of fire, by the acid fermentation to which 
milk is liable, and by the intermixture of acids. This 
matter, when well waſhed, is white and ſolid, like th; 
albumen of the blood, when coagulated by heat. 4 


gentle heat hardens it. 


By diſtillation on a water. 


bath, it affords an inſipid phlegm, \nbjec to-putrefac. 


tion. 


Dried cheeſe affords, by diftflation i in a retort, an al 
kaline phlegm, a ponderous oil, and a conſiderable pro- 


portion of ammoniacal carbonate. 


Its. coaly reſidue 


denſe, very difficult to incinerate, and incapable of 2 
fording fixed alkali. ' When treated with nitric acid, i 
is found to contain lime and phoſphoric acid. 

Cheeſe putrefies in a hot temperature: It ſwells, di 
fuſes a noiſome ſmell, becomes half-fluid, and, in cos. 
ſequence of the diſengagement of a ſtrong- ſmelling an! 
highly mephitic gas, which with difficulty eſcapes fron 
this viſcid matter, 1s covered over with froth. 

Cheeſe is not ſoluble in cold water; and hot wa 


hardens it. 


Scheele has obſerved, chat when it has ber 
precipitates 
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enchant] by an acid, boiling water becomes capable 


of diſſolving a part of it. 
The alkalis diſſolve it: ammoniac ** 3 a 


few drops of it are poured into milk coagulated by an 


acid, cauſes the caagulum in a ſhort time to diſappear. 

Concentrated acids alſo diflolve cheeſe. Ihe nitric 
acid diſengages azotic gas from it. The vegetable acids 
do not diſſolve it in any ſenſible degree. The ſolution 
of cheeſe in the mineral acids is precipitated by alkalis ; 
of which, however, too great a quantity diſſolves the 
precipitate again. 

The neutral ſalts, eſpecially muriate of ſoda, ** 
the putrefaction of this ſubſtance. Alcohol coagulates 
it. | 

From theſe particulars it appears, that cheeſe is a ſub- 
ance, like the albumen of the blood. 

Butter is in part ſeparated from milk by reſt, and col- 
lected on the ſurface. But being, in this ſtate, mixed 
with a good deal of ſerum and caſeous matter, it is ſe- 
parated from theſe matters by rapid agitation. This is 
the art of making or churning butter. 

In the ſeparation of the cream, and in the formation 
of the butter, a phenomenon takes place, which has not 
hitherto met with that attention from philoſophers 
which it deſerves. The contact of air, and the abſorp- 
tion of oxigene, are neceſſary to the production of but- 
ter, and to its being obtained in a ſolid form. It is not 
completely formed in the milk. In proportion as it col- 
lects on the ſurface, it abſorbs oxigene from the atmo- 
iphere, and ſeparates itſelf from the other principles of 


the milk in conſequence of its ſolidity, and from its now 


?Tuming the nature of a concrete oil. Hence it cannot 
be 


492 Milk. 


be diſengaged by agitation till after a certain period; 
and till ſuch time as it has abſorbed the requiſite quan. 
tity of oxigene, it does not conſtitute a mafs, nor doe 
it take a conſiſtence by the ſtrongeſt agitation, 

The ſerum which ſwims over churned butter, ſtill re. 

tains a portion of this oily ſabſtance ; it is yellow, ſour, 
and fat, and is called butter-milk. What is called cream, 
is a mixture of cheeſe and butter, ſkimmed off milk, 
It is much more difficult to digeſt than pure milk. A 
conſiderable agitation will reduce this ſubſtance into 
froth : in this ſtate, it is called zohipped cream. 
Pure butter is ſoft and concrete, of a golden yelloy 
colour, ſometimes higher, ſometimes lighter, and of an 
agreeable ſweet taſte. By a gentle heat, it melts ; and 
by cooling, becomes ſolid. When diſtilled on a water. 
bath, it affords an almoſt inſipid phlegm. In the retort, 
it affords an acid, of a very ſtrong pungent ſmell ; 2 
firſt, a fluid oil; and afterwards, a concrete coloured 
oil, of the ſame pungent ſmell with the acid. When 
theſe products are rectiſied, the oil is rendered as fluid 
and volatile as eſſential oils. The reſidual coal is but 
very ſcanty. The acid which butter affords by diſti. 
lation appears to be of the ſame nature with that which 
is extracted from greaſe ; of which we will hereafter 
ſpeak, under the name of the ſebacic acid. It may alſo 
be extracted in neutral ſalts, by the application of lime, 
potaſh, or ſoda. 

Butter, in a hot temperature, eaſily becomes acid and 
rancid. Its acid is then diſengaged from a latent ſtare, 
and is found to have a diſagreeable taſte. Water and 
alcohol, by diſſolving the acid, reduce the butter nearly 
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to its former ſtate. Fixed alkali diſſolves butter, and 
forms a real ſoap with it. - 

From this detail of particulars, it appears, chat adder 
is an oily ſubſtance, of the ſame nature with Se 
vegetable fixed oils. , 

Freſh butter is ſweet, cooling, and relaxing; ; but it 
eaſily becomes ſour, and agrees but with few ſtomachs. 
Brown butter, the acid of which is developed, is one of 
the molt unwholfome articles of food, and the molt dif- 
ficult to digeſt, that can be made uſe of. 

Milk is an aliment both agreeable and uſeful in a great 
many caſes. It is even one of the moſt valuable medi- 
cines that can be preſcribed. In diſeaſes affecting the 


ſkin or joints, ſuch as the ring- worm, the gout, &c. it 


ſweetens the acrid humours. It even heals up ſome 
ulcers that are not of a very malignant fort. © It may be 
impregnated with the aromatic parts of plants: it is 
then an excellent medicine for the phthiſis pulmonaris. 
All ſtomachs are not fit for digeſting milk : It is gene- 
rally troubleſome to people who are liable to the heart- 
burn, from too much acidity in the primary paſſages : 
It ſhould be almoſt always adminiſtered with great cau- 
tion. Milk rendered medicinal, by feeding the animat 
which affords it on certain ſubſtances for that purpoſe, is 

often uſed with ſucceſs. | 
The milk of different animals poſſeſſes different virtues. 
Woman's milk is ſweet, and highly ſaccharine, and pro- 
duces very happy effects in the caſe of a maraſmus. 
Aſs's milk is ſucceſsfully uſed for the phthiſis pulmonaris, 
and the gont ; it commonly retaxes. Mare's milk is 
nearly of the ſame quality with that of the aſs. Goat's 
milk is ſerous and gently aſtringent. Cow's milk is 
thicker 
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thicker, richer, more nouriſſing: it is Iikewiſe more 
difficult to digeſt; and it is frequently neceſſary to dilate 
it with water, or ſome aromatic infuſion, eſpecialhj it i 
be found difficult to digeſt, or if it n loolggel 
cr vomiting. 

Milk is likewiſe employed externally as 2 and 
relaxing. It relieves pains, it Tipens abſceſſes, and acce. 
lerates their ſuppuration. It is applied warm, — 
in a bladder, to the parts affected. 
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